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1.0 INTRODUCTION 

This document presents the work plan for the Resource Conservation and Recovery Act 

(RCRA) Facility Investigation/Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) Remedial Investigation (RFI/RI) for Operable Unit No. 12 (OU12) 

at the U.S. Department of Energy (DOE) Rocky Flats Plant (RFP) in Jefferson County, 

Colorado. 

This investigation is part of a comprehensive, phased program of site characterization, 

remedial investigations, feasibility studies, and remedial/corrective actions currently in 

progress at RFP. These investigations are pursuant to an Interagency Agreement (IAG) 

between the DOE, the U.S. Environmental Protection Agency (EPA), and the State of 
Colorado Department of Health (CDH) dated January 22,1991 (DOE, 1991a). The IAG 

developed by DOE, EPA, and CDH addresses RCRA and CERCLA issues, and outlines 

the activities to be pursued at 16 operable units at RFP. The TAG requires RFI/RI 

investigations to be in general compliance with both RCRA and CERCIA, CDH is the lead 

agency for the OU12 RFI/RI and, as stated in the IAG, CDH shall address requirements 

under Sections 107, 120(f), 121, and 310 of CERCLA, Section 3006 of RCRA, and the 

Colorado Hazardous Waste Act (CHWA). In accordance with the IAG, the CERCLA terms 

"Remedial Investigation" (RI), "Feasibility Study" (FS) and "Individual Hazardous Substance 

Site" (IHSS), are used in this document. 
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The operable unit investigations are supported by numerous other sitewide programs 

including, but not limited to: Background Geochemical Characterization (EG&G, 1990a 

and EG&G 19920, Sitewide Geologic Characterization (EG&G, 1991% 1991c, and 1992b), 

Historical Release documentation (EG&G, 1992c) and sitewide ground water monitoring 

of RCRA regulated units (EG&G, 19923). These programs, as well as summaries of previous 

investigations at RFP which support the OU12 RI, are mentioned in Sections 1.3 and 2.0 

of this plan. 

As required by the LAG, this work plan addresses characterization of the nature and extent 

of potential contamination associated with OU12 IHSSs. The primary emphasis at OU12 

IHSSs is to characterize potential soil contamination associated with historical spills or 

releases. The term "soils" in this context is interpreted to mean vadose zone (unsaturated) 

surficial deposits. The M/FU will also investigate the nature and extent of surface water, 

ground water, and air contamination and evaluate potential contaminant migration pathways. 

In this work plan, existing information is summarized to characterize OU12, data gaps are 

identified, Data Quality Objectives (DQOs) are established, and a Field Sampling Plan (FSP) 
is developed to characterize site physical features and to define nature and extent of potential 

contaminant sources. Components of the Baseline Risk Assessment Plan (BRAP), including 

the Human Health Risk Assessment Plan and Environmental Evaluation Work Plan, are also 

included in this work plan. 

The RFI/RI will be conducted in accordance with the Interim Final RFI Guidance (EPA, 
1989a) and Interim Final Guidance for Conducting Remedial Investigations and Feasibility 

Studies Under CERCLA (EPA, 1988a). Existing data and the data generated by the RFI/RI 
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will be used to begin developing and screening remedial alternatives and to estimate the risks 

to human health and the environment posed by potential contamination within OU12. 

1.1 ENVIRONMENTAL RESTORATION PROGRAM 

The DOE Environmental Restoration (ER) Program, designed for investigation and cleanup 

of environmentally contaminated sites at DOE facilities, is being implemented in five phases. 

Phase 1 (Installation Assessment) includes preliminary assessments and site inspections to 

assess potential environmental concerns. Phase 2 (RemedialInvestigations) includes planning 

and implementation of sampling programs to delineate the magnitude and extent of 

contamination at specific sites and evaluate potential contaminant migration pathways. Phase 

3 (Feasibility Studies) includes evaluation of remedial alternatives and development of 
remedial action plans to mitigate environmental problems identified in Phase 2 as needing 

correction. Phase 4 (Remedial Design/Remedial Action) includes design and implementation 

of site-specific remedial actions selected on the basis of Phase 3 feasibility studies. Phase 
5 (Compliance and Verification) includes monitoring and performance assessments of 

remedial actions as well as verification and documentation of the adequacy of remedial 

actions carried out under Phase 4. Phase 1 has been completed at the Rocky Flats Plant 

(DOE, 1986), and this plan is the initial component of Phase 2 (Remedial Investigations) 

for OU12. 

1.2 WORK PLAN OVERVIEW 

This work plan presents an evaluation and summary of previous data and investigations, 

defines DQOs and data needs based on that evaluation, specifies RJ?I/RI tasks, and presents 

the FSP for the RFI/RI. 
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Section 1.0 provides introductory information about the RFI/RI for OU32, including general 

history and physical setting of the RFT and surrounding region. Section 2.0 (Site 

Characterization) presents a comprehensive review and analysis of available historical 

information, previous site investigations, recently published reports, available data, and past 
and present activities pertinent to OU12. Included in Section 2.0 are characterization results 
for site geology and hydrology, as well as the known nature and extent of contamination in 
soils, ground water, and surface water. Additionally, Section 2.0 presents a conceptual model 

for contaminant migration and exposure pathways based on site physical characteristics and 
available information regarding the nature and extent of contamination. Section 3.0 presents 

potential sitewide Chemical Specific Benchmarks (CSBs), as required by the IAG, and a 
discussion of their application to the RFI/RI activities at OU12. Section 4.0 discusses the 

DQOs and work plan rationale for the RFI/RI, including data quality objectives for 

supporting feasibility study and baseline risk assessment needs. Section 5.0 specifies tasks 

to be performed for the RFI/RI. Section 6.0 presents the FSP to meet the objectives 

presented in Section 4.0. The schedule for performance of RFI/RI activities is presented 

in Section 7.0. The Baseline Human Health Risk Assessment Plan is discussed in Section 8.0, 

and the Environmental Evaluation Work Plan (EEWP) is discussed in Section 9.0. The site- 

specific Quality Assurance Addendum (QAA) for OU12 is discussed in Section 10.0. 

Section 11.0 provides references. 

#3 8 

The appendices contain available supporting information used to characterize the physical 

setting and contamination at OU12. Appendices A through H are referenced in Section 2.a 
Available analytical data, obtained from the EG&G Rocky Rats Environmental Database 
System (RFEDS), are presented in Appendix A. These data are in the process of being 

validated in accordance with EMD Quality Assurance (QA) procedures. As of early 1992, 
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approximately 60 percent of the data has been validated. These data can be considered only 

qualitative measures of the analyte concentrations. 

Appendix B contains documentation of the nitric and sulfuric acid spill and other spills in 
the Comprehensive Environmental Assessment and Response Program (CEARP) Phase I 

Installation Assessment (DOE, 1986) and RCRA contingency plan implementation reports, 

Appendix C contains engineering drawings of footing drain locations in OU12, and contains 

data fiom footing drain sample analyses. Appendix D contains radiometric surveys requested 

in the IAG and completed at RFP from 1981 to 1989, and Appendix E contains borehole 

logs used in subsurface characterization of OU12. Appendix F contains RCRA ground water 

quality monitoring information for select wells upgradient and downgradient of OU12. 
Appendix G contains technical information on the high purity germanium (HPGe) detector, 

including calibration, operation, and data quality information. Appendix H contains 

procedures for field measurements referenced in Section 6.0 Field Sampling Plan. Appendix I 

contains Rocky Flats Environmental Database System (RFEDS) field data forms. 

1.3 REG IONAL AND PLANTS ITE BACKGROUND INFORMATION 
The following sections provide general information on RFP and the surrounding region, 

including RFP history, regional land use and population data, and site conditions. Site- 

specific conditions at OU12 are addressed in Section 2.0. 

13.1 

RFT is a government-owned, contractor-operated facility, which is part of the nationwide 
Nuclear Weapons Complex. The plant was operated for the U.S. AtomicEnergy Commission 
(AEC) from its inception in 195 1 until the AEC was dissolved in January 1975. At that time, 

responsibility for the plant was assigned to the Energy Research and Development 

Facilitv Backmound and Plant Onerationq 
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Administration (ERDA), which was succeeded by DOE in 1977. Dow Chemical U.S.k, an 
operating unit of the Dow Chemical Company, was the prime operating contractor of the 
facility from 1951 until June 30, 1975. Rockwell International was the prime contractor 
responsible for operating the RFP July 1, 1975, until December 31, 1989. EG&G became 
the prime contractor at RF'P on January 1, 1990. 

Operations at RFP consist of fabrication of nuclear weapons components from plutonium, 
uranium, and other, nonradioactive metals (principally beryllium and stainless steel). Parts 

made at the RFP are shipped elsewhere for assembly. In addition, the RFP reprocesses 
components after they are removed from obsolete weapons for recovery of plutonium. Other 
activities at RFP include research and development in metallurgy, machining, nondestructive 
testing, coatings, remote engineering, chemistry, and physics. Both radioactive and 
nonradioactive wastes are generated in the production process. Current waste handling 

practices involve onsite and offsite recycling of hazardous materials, onsite storage of 
hazardous and radioactive mixed wastes, and offsite disposal of solid radioactive materials 

at another DOE facility. However, RF'P operating procedures historically included both 
onsite storage and disposal of hazardous, radioactive, and radioactive mixed wastes. 

Preliminary assessments under the ER Program identified some of the past onsite storage 
and disposal locations as potential sources of environmental contamination. 

13.2 Previous Investigations 

Various sitewide studies have been conducted at RFP to characterize environmental media 
and to assess the extent of radiological and chemical contaminant releases to the environment. 
The investigations performed prior to 1986 were summarized by Rockwell International 
(1986a) and include the following: 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Detailed description of the regional geology (Malde, 1955; Spencer, 1961; Scott, 
1960,1963, 1970, 1972, and 1975; Van Horn, 1972 and 1976; Dames and Moore, 
1981; and Robson, et al, 1981a and 1981b) 

Several drilling programs beginning in 1960 that resulted in construction of approxi- 
mately 60 monitoring wells by 1982 

An investigation of surface water and ground water flow systems by the U.S. Geolog- 
ical Survey (Hurr, 1976) 

Environmental, ecological, and public health studies that culminated in an 
Environmental Impact Statement (DOE, 1980) 

A summary report on ground water hydrology using data from 1960 to 1985 (Hydro- 
Search, 1985) 

A preliminary electromagnetic survey of the plant perimeter (Hydro-Search, 1986) 

A soil-gas survey of the plant perimeter and buffer zone (Tracer, 1986) 

Routine environmental monitoring programs addressing air, surface water, ground 
water, and soils (Rockwell, 1975 through 1985, and 1986b). 

In 1986, two major investigations were completed at the plant. The first was the DOE 
CEARP Phase I Installation Assessment (DOE, 1986), which included analyses and 

identification of current operational activities, active and inactive waste sites, current and 
past waste management practices, and potential environmental pathways through which 

contaminants could be transported. CEARP later was succeeded by the ER Program. A 
number of sites that could potentially have adverse impacts on the environment were 

identified. These sites were designated as Solid Waste Management Units (SWMUs) by 
Rockwell International (1987). In accordance with the IAG, SWMUs are now designated 

as MSSs, and are divided into three categories: 
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1. Hazardous substance sites that will continue to operate and need a RCRA operating 
permit 

2. Hazardous substance sites that will be closed under RCRA interim status 

3. Inactive hazardous substance sites that will be investigated and cleaned up under 
Section 3004(u) of RCRA or under CERCLA. 

The second major investigation completed at RFP in 1986 involved a hydrogeologic and 

hydrochemical characterization of the plant site. Plans for this study were presented by 
Rockwell International (1986c and 1986d), and study results were reported by Rockwell 
International (1986e),, Investigation results identified areas considered to be significant 
contributors to environmental contamination. Other investigations conducted previously that 
relate more directly to characterization of the OU12 area are mentioned in Section 2.3 of 

this document. 

13.3 &&&&Setting 

1.3.3.1 -n 
RFP is located in noirthern Jefferson County, Colorado, approximately 16 miles northwest 

of Denver (Figure 1-1). Other surrounding cities include Boulder, Westminster, and Arvada, 
all of which are located less than 10 miles to the northwest, east, and southeast of RFP, 
respectively. The RFP consists of approximately 6,550 acres of federal land in Sections 1 

through 4 and 9 throlugh 15 of ?zS, R70W, 6th Principal Meridian. Most plant structures 
are located within a protected central area site of approximately 400 acres, and surrounded 

by a buffer zone of approximately 6,150 acres. 
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RF'P is bounded on the north by State Highway 128, on the east by Jefferson County 

Highway 17, (also known as Indiana Street), on the south by agricultural and industrial 

properties and Highway 72, and on the west by State Highway 93 (Figure 1-1). 

1.3.3.2 Topographv 

RFP is located along the eastern edge of the southern Rocky Mountain region immediately 

east of the Colorado Front Range. The plant site is situated on a broad, eastward-sloping 

pediment that is capped by alluvial deposits of Quaternary age (Rocky Flats Alluvium). The 

pediment surface has a fan-like form, with its apex and distal margins approximately 2 miles 

east of RF". The tops of alluvial-covered pediments are nearly flat but slope gently eastward 

at 50 to 100 feet per mile (EG&G, 1991a). At RFP, the pediment surface is dissected by 

a series of east-northeast trending stream-cut valleys. The valleys containing Rock Creek, 

North and South Walnut Creeks, and Woman Creek lie 50 to 200 feet below the level of 

the older pediment surface. These valleys are incised into the bedrock underlying alluvial 

deposits, but most bedrock is concealed beneath colluvial material accumulated along the 

gentle valley slopes. The combined effects of stream-cut topographic relief and the shallow 
dip of the bedrock units beneath RFP suggest a potentially shallow depth to the Laramie 
Formation in the valley bottoms. 

1.3.3.3 Meteoroloq 

The area surrounding RFP has a semiarid climate characteristic of much of the central Rocky 

Mountain region. Based on precipitation averages recorded between 1953 and 1976, the 

mean annual precipitation at the plant is 15 inches. Approximately 40 percent of the 

precipitation falls during the spring season, much of it as wet snow. Thunderstorms (June 

to August) account for an additional 30 percent of the annual precipitation. Autumn and 

winter are drier seasons, with snowmelt accounting for 19 and 11 percent of the annual 
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precipitation, respectively. Snowfall averages 85 inches per year, falling from October through 
May (DOE, 1980). 

Evaporation from the RFP area is estimated from several sources. Evaporative losses from 

"Class APlan" measurements gathered during several studies have been translated into actual 

annual evaporation ranging from 28 inches per year (Kohler et.al., 1955) to approximately 

46 inches per year (EPA, 1983). The most commonly reported values of annual evaporation 

for the area are 38 to 40 inches per year. Values would be greater if evapotranspirative rates 

were included. 

Winds at RFP, although variable, are predominantly from northerly directions. Stronger 

winds occur during the winter, and due to its location near the Front Range the area 

occasionally experiences Chinook winds with gusts up to 100 miles per hour. The canyons 
along the Front Range tend to channel the air flow during both up-slope and downslope 

conditions, especially when there is strong atmospheric stability (DOE, 1980). 

Figure 1-2 presents the wind rose for the RFP area using data from 1990. The figure shows 
that approximately 20 percent of the time the wind is from the northwest and 15 percent of 
the time from the northeast. The highest velocity winds (greater than 15 meters per second) 

are generally from the northwest. Winds also originate from the southeast approximately 

10 percent of the time with velocities between 7 and 15 meters per second. Based on the 

above information, the area to the southeast of RFP could be impacted by atmospheric 

dispersion from RFP. 

Rocky Flats meteorology is strongly influenced by the diurnal cycle of mountain and valley 

breezes. Two dominant flow patterns exist, one during daytime and one at night. During 
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daytime hours, as the earth heats, air tends to flow toward the higher elevations (up-slope). 

During up-slope conditions air flow generally moves up the South Platte River Valley and 

then enters the canyons into the Front Range. After sunset, the air against the mountain 

side is cooled and begins to flow toward the lower elevations (downslope). During downslope 

conditions, air flows down the canyons of the Front Range onto the plains. 

Temperatures at RFP are moderate. Extremely warm or cold weather is usually of short 

duration. On average, daily summer temperatures range from 55 to 85 degrees Fahrenheit 

(" F), and winter temperatures range from 20 to 45" F. Temperature extremes recorded 

at the plant range from 102" F on July 12,1971, to -26" F on January 12,1963. The 24-year 

daily average maximum temperature for the period 1952 to 1976 is 76" F, the daily minimum 
is 22" F, and the average mean is 50" F. Average relative humidity is 46 percent (DOE, 

1980). 

Review of historical climatological data for RFP has indicated that some of the data are 

invalid under current quality standards. 1989 and 1990 RFP monthly and annual 

environmental monitoring reports prepared by EG&G (EG&G, 1989, 199Oc) contain 

climatological data that has been validated under current quality assurance protocoL 

1.3.3.4 

Three intermittent streams that flow generally from west to east drain the RFP area These 

drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-3). 

Rock Creek drains the northwestern comer of the buffer zone and flows northeastward 

through the buffer zone to its offsite confluence with Coal Creek. Rock Creek is peripheral 

to the RFP facility and is not known to have been impacted by RFP activities. North and 
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South Walnut Creeks and an unnamed tributary drain the northern portion of RFP. These 

three forks of Walnut Creek join in the buffer zone and flow toward Great Western Reservoir 

approximately one mile east of the confluence. Flow is diverted around Great Western 

Reservoir into Big Dry Creek via the Broomfield Diversion Ditch. Rock Creek, North and 

South Walnut Creeks, and the unnamed tributary are intermittent streams. Flow generally 

occurs in these streams only after precipitation events and spring snowmelt. An east-west 

trending interfluve separates Walnut Creek from Woman Creek. OU12 is situated on this 

interfluve and OU12 surface water drains to these creeks as shown on Figure 1-4. Woman 
Creek drains the southern Rocky Flats buffer zone and flows eastward into Standley Lake 

with periodic diversions into Mower Reservoir. 

Surface water retention ponds constructed to control runoff from RFP are also depicted on 
Figure 1-3. The retention ponds are located on North Walnut Creek, South Walnut Creek 

and Woman Creek. The areas of the plant that drain to these respective drainages are shown 

on Figure 1-4 as are locations of surface water monitoring stations for each area of the plant 

The series of retention ponds known as the A-series ponds are located on North Walnut 

Creek, the B-series retention ponds are located on South Walnut Creek, and the C-series 

retention ponds are located on Woman Creek. The A-series ponds on North Walnut Creek 

are designated A-1, A-2, A-3, and A4 from west to east. They receive runoff from the 

western and northern portions of the plant site, including the 100,300, and portions of the 

700 building areas. The B-series ponds on South Walnut Creek are designated B-1, B-2, B-3, 

and B-4, and receive surface water runoff from the central portion of the plant site including 
the majority of OU12. Ponds C-1 and C-2 are located in the Woman Creek drainage and 

receive runoff from the southern portion of the site. Figure 1-4 indicates a relatively small 
portion of the OU12 area drains to Woman Creek, including the extreme western and 

southern portions of the 400,600, and 800 building areas. 
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The South Interceptor Ditch is located between the RFP main production facility and Woman 
Creek. The South Interceptor Ditch collects runoff from the southern portion of the 
production facility and diverts it to pond (2-2, where it is monitored in accordance with RFP 
National Pollutant Discharge Elimination System (NPDES) permit. 

1.3.3.5 Ecolagv 
A variety of vegetation is found within the buffer zone surrounding RFP. Included are species 

of flora representative of tall-grass prairie, short-grass plains, lower montane, and foothill 

ravine regions. Riparian vegetation exists along RFP drainages and in wetlands. Since 

acquisition of RFP property, vegetative recovery has occurred, as evidenced by the presence 

of disturbance-sensitive grass species such as big bluestem (Andropogon gerardii) and side 

oats grama (Bouteloua curtipendula). No vegetative stresses attributable to hazardous waste 

contamination have been identified (DOE, 1980). 

The fauna inhabiting RFP and its buffer zone consist of species associated with western 

prairie regions. The most common large mammal is the mule deer (Odocoileus hemionus), 

with an estimated 100 to 125 permanent residents. There are a number of small carnivores, 

such as the coyote (Cads latrans), red fox (Vulpesfulva), striped skunk (ephitk mephitis), and 

long-tailed weasel (tlstela frenata). Small herbivores can be found throughout the plant 
complex and buffer zone, including species such as the pocket gopher (Thomomys talpoides), 

cottontail (SylviZagwsp.) around buildings and along drainages, white-tailed jackrabbit (Lepus 

towmendii), and the meadow vole (icrotus pennsylvanim) (DOE, 1980). 

Commonly observed birds include western meadowlarks (Sturnella neglecta), homed la~h 

(Eremophila dpesfris), mourning doves (Zenaidura macroura), and vesper sparrows (Pooecetes 
grumineus), western kingbirds (Tyrarrpucs vocifermzs), black-billed magpies (Pica pica), american 
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robins (Turdus migratorus), and yellow warblers (Dendroica magnolia). Killdeer (Chwadriw 

vociferus), and red-winged black birds (AgeZaiusphoeniceza) are seen in areas adjacent to 

ponds. Mallards (Anasplatyrhynochos) and other ducks ( A m  sp.) frequently nest and rear 
young on several of the ponds. Common birds of prey in the area include northern harriers 

(Circus cyaneus), red-tailed hawks (Buteo jamaicemis), ferruginous hawks (Buteo regalis), 
rough-legged hawks (Buteo lagopus), american kestrels (Falco spawerius) and great homed 

owls (Bubo virginianus) (DOE, 1980). 

Bull snakes (Pituphis melanoleuem) and rattlesnakes (Cr0tuZz.u sp.) are the most frequently 

observed reptiles. Eastern yellow-bellied racers (CoZuber comtriktor flmiventris) have also 

been seen. The eastern short-homed lizard (Phrynosoma dougZmsi brevirostre) has been 

reported on the site, but these and other lizards are not commonly observed. The western 
painted M l e  (Chrysemyspicta) and the western plains garter snake (Thamnophis mdix) are 

found in and around many of the ponds (DOE, 1980). 

Wetlands play an important role in ecosystem processing and in providing habitat to a variety 

of plant and animal species. Wetlands at RFP were identified in conjunction with the 
National Wetlands Inventory (1979) and field checked by U.S. Army Corp of Engineers 
personnel to verify their jurisdictional status (EG&G, 1990d). There are approximately 107 

acres of aerial wetlands and 84,970 feet of linear wetlands within the Rocky Flats site. In 
addition, there are approximately 156 acres of aerial wetlands and 14,190 feet of linear 
wetlands outside of the Rocky Flats site which are generally to the east of the site. Of the 
156 acres of aerial wetlands outside of the Rocky Flats site, 140 acres can be attributed to 

Great Western Reservoir (EG&G, 1990d). 
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Within the Rocky Flats site, six ephemeral streams traverse the property. Of these, Walnut 

Creek, South Walnut Creek, and Woman Creek are relatively important because they drain 

the plant site. The other three streams in the general area of the RF'P are Coal Creek, Rock 
Creek, and Leyden Gulch. The headwaters of Walnut Creek and South Walnut Creek occur 
within the Rocky Flats site and generally flow eastward. South Walnut Creek is tributary 

to Walnut Creek which flows toward the Great Western Reservoir into Big Dry Creek. The 
headwaters of Woman Creek occur in the area, which drain the south side of the Rocky Flats 
site, and flow eastward into Standley Lake. Coal Creek and Rock Creek flow northward 
outside of the RFP area and Leyden Gulch drains the southern part of the area. Leyden 

Gulch is tributary to Leyden Lake. Wetlands along the creeks are dominated by a narrow 
band of cattails, with occasional cottonwoods, willows, and other shrubs (EG&G, 199Od). 

Aquatic life is notwell developed in the streams, wastewater discharge system ponds, or other 
ponds. Black bass (probably largemouth bass, Micropterus sdmoides), fathead minnows 

(Pimephdespromelas), and bluegills (Lepomk rnacrochh) were reported in one or more 

of the ponds (W-W Services, 1976). Data fiom 1976 indicates that crayfish and benthic 
macroinvertebrates, including the relatively sensitive sideswimmers (Amphipoda), mayflies 

(Ephemeroptera), caddisflies (Trichoptera), and facultative organism, were found primarily 

in Pond B4 and in Woman Creek (W-W Services, 1976). Current studies (December 1990 

to August 1991) in the protected area, OU1 and OU2 have added golden shiner (Notemigomu 

crysoleucas), creek chub (Semotilus utromaculafus), stoneroller (Campostoma momalum), 

white sucker (Catostomus cornmersoni), and green sunfish (Lepomk cyanellus) to the list and 

verified the presence of fathead minnows and largemouth bass. Current studies have also 

added six amphibians, three of which are common: tiger salamander (Ambystoma tip'num), 
boreal chorus frog ( P s e d a c k  triseriutus), and northern leopard frog (Ranapipiens). 
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Ecological surveys for identification and management of threatened and endangered species 

at RFP have been conducted according to EG&G Environmental Management Department 

SOPs, Volume 5.0, Ecology. The SOPs have been approved for use on RFI/RIs by EPA, 

CDH, U.S. Fish and Wildlife Service (USFWS) and the Colorado Division of Wildlife 

(CDOW). Plant and animal species which have been documented at RFP have been 

summarized in a Species of Concern (SOC) Species Compliance List along with the preferred 

habitat of the species and the time of year the species may be present. Of the species 

identified, only the forktip three awn (Artktidu basirameu) is likely to occur other than a 

transient at any of the OU12 IHSSs. The table and a discussion of its potential applicability 

to OU12 are in Section 9.0, Environmental Evaluation Work Plaa Applicability is 
determined either by sightings of the species in OU12 or the presence of preferred habitat. 

13.3.6 S A N  

The population, economics, and land use of areas surrounding RFP are described in a 1989 

Rocky Flats vicinity demographics report prepared by DOE (DOE, 1991b). This report 

divides general use of areas within zero to ten miles of RFP into residential, commercial, 

industrial, parks and open spaces, agricultural and vacant, and institutional classifications, 

and also considers current and future land use near RFP. 

* 

The majority of residential use within five miles of RFP is located immediately northeast, 

east, and southeast of the plant. The 1989 population distribution within five d e s  of the 

RFP main production facility (i.e., the center of the RFP site) is illustrated in Figure 1-5, 

Commercial development is concentrated near residential developments north and southwest 
of Standley Lake as well as around Jefferson County Airport, approximately three d e s  

northeast of RFP. Industrial land use within five miles of the plant is limited to quarrying 

and mining operations. Open space lands are located northeast of RF'P near the City of 
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Broomfield and in small parcels adjoining major drainages and small neighborhood parks 

in the cities of Westminster and Arvada. The west, north, and east sides of Standley Lake 

are encompassed by Standley Lake Park open space. Irrigated and non-irrigated croplands, 

producing primarily wheat and barley, are located north and northeast of RFP near the cities 

of Broomfield, Lafayette, Louisville and Boulder, and in scattered parcels adjacent to the 

eastern boundary of the plant. Several horse operations and small hay fields are located south 

of RFP. The demographic report characterizes much of the vacant land adjacent to RF'P 
as rangeland (DOE, 1991b). 

Future land use in the vicinity of RFP most likely involves continued urban expansion, 

increasing the density of residential, commercial, and perhaps industrial land use in the areas. 
The expected trend in population growth in the vicinity of RFP is also addressed in the DOE 

demographic study (DOE, 1991b). The report considers expected variations in population 

density by comparing the current (1989) setting to population projections for the years 2000 
and 2010. A 21-year profile of projected population growth in the vicinity of REP can thus 

be examined. DOES projections are based primarily on long-term population projections 

developed by the Denver Regional Council of Governments (DRCOG) and reported in the 

DOE demographic study (DOE, 1991b). Estimated population density and distribution 

around RFP for the years 2000 and 2010 are shown in Figures 1-6 and 1-7, respectively. 

1.3.3.7 && 
Soils in the vicinity of RFP have been mapped by the Soil Conservation Service and are 

presented on Figure 1-8. As shown on the figure, three predominant soil series occur at the 

plant site including the Nederland, Flatirons, and Denver series. Nederland series soils are 

mapped near South Walnut Creek, unnamed tributary of Walnut Creek, and Woman Creek 

drainages. Nederland series soils consist of deep, well drained soils on piedmont fan terraces, 
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alluvial terraces, stable summits, and terrace escarpments (Soil Conservation Service, 1980). 

Flatiron series soils are mapped throughout most of  the FtFP controlled area, including most 

of the OU12 area. Flatiron series soils consist of deep, well drained soils on high terraces, 

hill slopes and piedmonts. The soils formed are most commonly noncalcareous, cobbly, 

stoney, gravelly, and loamy material of the Rocky Flats Alluvium (Soil Conservation Service, 

1980). 

Denver Kutch-Midway soil complex is shown on Figure 1-8 as the next mappable unit to 

Nederland Series soils in the RFP drainages. Denver series soils consist of deep, well drained 

soils on fans, high terraces, hill slopes, and table lands. The soils are formed in calcareous, 

clayey material derived from mudstone and shale (Soil Conservation Service, 1980). Kutch 

series soils are similar to those described for Denver series, but are found on shoulders, 

ridges, and hill slopes. Midway series soils also are on hill slopes and ridge crests, and formed 

in calcareous, clayey material derived from shale and mudstone. 

1.33.8 Regional Geology 

RFP is located on a broad, eastward-sloping pediment surface along the western edge of the 

Denver Basin (Figure 1-9). The area is underlain by more than 10,OOO feet of Pennsylvanian 

to Upper Cretaceous sedimentary rocks that have been locally folded and faulted. Along 

the foothills west of RFP, sedimentary strata are steeply east-dipping to overturned. In the 

western buffer zone, Upper Cretaceous sandstones of the Laramie formation make up an 

east-dipping (45 O to 55 ") hogback that strikes approximately north-northwest (Scott, 1960). 

Immediately east of the hogback, steeply dipping sedimentary strata abruptly flatten to less 

than 2 degrees under and east of RFP (EG&G, 1991a, 1992b). The sedimentary bedrock 

is unconfonnably overlain by Quaternary alluvial gravels that cap pediment surfaces of several 

distinct ages as shown in Figure 1-9 (Scott, 1963). 
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Figure 1-10 shows the local stratigraphic section for the Rocky Flats area. Upper Cretaceous 

bedrock units directly underlying RFP and pertinent to plant site hydrogeology include, in 
descending stratigraphic order, the Arapahoe Formation, the Laramie Formation, the Fox 
Hills Sandstone, and the Pierre Shale. These bedrock units and the overlying surficial 

Quaternary Deposits surfacing in the RFP vicinity are shown on Figure 1-11 and described 

below. A regional geologic cross section of the vicinity is shown on Figure 1-12. The east- 

west trending cross section depicts geology approximately one mile north of the plant site, 

and is shown as section A-A' on Figure 1-11. Figures 1-11 and 1-12 are taken from the Final 

Report of the Phase IX Geologic Characterization Data Acquisition (EG&G, 1992b). 

The Quaternary-age deposits in the RFP area, shown in Figures 1-9 and 1-11, have been 

categorized into pediment cover and valleyfill. The Rocky Flats, Verdos, and Slocum 
Alluviums represent pediment covers. The valley-fill alluviums include the Louviers and the 

Broadway Alluviums. Additional recent alluvial valley-fill deposits include the Piney Creek 

and Post Piney Creek Alluviums (EG&G, 1991~). 

c 

The Rocky Flats Alluvium is the oldest alluvial deposit in the Denver area, east of the Front 

Range. The alluvium consists of poorly sorted, angular to rounded, coarse gravels, sands, 

and gravelly clay. Caliche amounts vary from trace to abundant (EG&G, 1991~). Dominant 

lithologies include detritus from Precambrian quartzite, schist, and gneiss deposited by Cod 
Creek. Thickness at the type locality just south of RF'P is 50 feet, and ranges from 10 to 90 

feet (Machette, et al, 1976). Muvial thickness in the OU12 area is presented in Section 2.0. 

As shown on Figures 1-9 and 1-11, the RFP overlies Rocky Flats Auuvium, 
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UpDer Cretaceous Deposits 

Depositional environments east of the Front Range in the Late Cretaceous period were 

influenced by the Laramide Orogeny which resulted in the uplift of the ancestral Colorado 

Front Range Mountains. The uplift caused a regression of the intercontinental Cretaceous 

sea from the west to the east, resulting in a lateral progradation of Pierre Shale prodelta 

shales and siltstones, Fox Hills Formation delta front sandstones, Laramie Formation delta 

plain sandstones, claystones, and coals, and Arapahoe Formation fluvial conglomerates, 

sandstones and claystones (Weirner, 1973). 

The Arapahoe Formation is the uppermost bedrock unit underlying RF'P and consists 

primarily of claystones, silty claystones, and some sandstones. Arapahoe sandstones are very 

fine-grained to medium-grained, with minor conglomeratic lenses. Weathered sandstones 

are pale orange, yellowish gray, and dark yellowish orange. Unweathered sandstones are 

light gray to olive gray. The sandstones typically are interlayered with clay lenses and are 

lentidar in geometry. The majority of the Arapahoe Formation is composed of claystones 

and silty claystones which are light olive gray to medium olive gray and weathered to a dark 

yellowish-orange. 

Lithologic similarities between the Arapahoe Formation and the underlying Laramie 
Formation makes defining the contact between the formations difficult. Two recent geologic 

studies of the RFP area established conflicting thicknesses of the Arapahoe Formation based 

on differing placement of the contact between the Arapahoe and Laramie Formations. The 
first report, the Geologic Characterization Report, identified five individual sandstone bodies 

within the Arapahoe Formation and placed the lower contact of the Arapahoe Formation 

at the base of the fifth and lowermost sandstone body (EG&G, 1991~). By placing the contact 

below the fifth sandstone body, the thickness of the Arapahoe Formation was established 

40103-1\PSE~ION.l September 29. 1992 



EGBG ROCKY PLATS PLANT 
Final RFI/RI Work Plan 
Operable Unit 12 

Manual: 21100-WP-ou12.1 
Section No.: 1.0, Rev. 0 
Page: 21 of 24 
Effective Date: 
Organization: Remediation Program 

at 150 ft. The placement of the contact for this report was determined by evaluating offsite 

geophysical logs and comparing them with elevation data from drill cores on RFP. However, 

no lithologic criteria was used in defining the sandstone bodies or contact placement. 

The second and most recent interpretation, the Phase II Geologic Characterization Data 

Acquisition, used field mapping and lithologic criteria to place the lower contact of the 

Arapahoe Formation beneath the first sandstone body (EG&G, 1992b). This interpretation 

defines the two formations as having different field characteristics and provenances and 

establishes a discontinuous medium-grained to conglomeratic crossbedded sandstone marker 

bed as the basal unit of the Arapahoe Formation. The second interpretation places the lower 

contact of the Arapahoe Formation significantly higher in the section establishing the 

thickness of the formation at 15 to 25 feet. Any further reference to the Arapahoe Formation 

in the OU12 work plan will refer to the second and most recent interpretation of the 

Arapahoe Formation. 

The Laramie Formation, which is composed of an upper claystone interval and a lower 

sandstone and coal interval, is approximately 800 feet thick. The upper Laramie Formation 

consists of silty claystones and siltstones, and fine-grained lenticular fluvial sandstones. The 
silty claystones are light olive gray to olive black, massive, occasionally sandy, and contain 

carbonaceous material. The siltstones are also carbonaceous, with iron oxide nodules and 

slickensides along fractures. The lower Laramie Formation consists of very-fine-grained to 

medium-grained sandstones up to 50 feet thick and coal beds ranging from two to eight feet 

thick (EG&G, 1991~). 

The Fox Hills Formation averages 75 feet thick and consists of thick-bedded to massive, very- 

fine-grained to medium-grained feldspathic sandstone which is grayish orange to light gray 
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in color. The sandstones are interlayered with thin beds of siltstone and claystone (EG&G, 
1991~). The Fox Hills Formation crops out west of the RFP and is not likely impacted by 

RFP activities. 

1.3.3.9 Ground Water Hvdroloa 
RFP is situated in a regional ground water recharge area. Recharge to the alluvium occurs 
as a result of precipitation, snowmelt, and water losses from streams, ditches, and ponds cut 

into the alluvium (EG&G, 1991~). 

Discharge from the alluvium occurs at seeps that may or may not be covered by colluvium 

at the alluvium/bedrock contact along the edges of the valleys. Most seeps flow intermittently 

(EG&G, 199Oa). Ground water recharge to Arapahoe and Laramie sandstones occurs 
primarily frominfiltration of precipitation into bedrock which crops out in the western portion 

of RFP along the west limb of the monoclinal fold and from water losses from streams incised 
into bedrock. Recharge is greatest during the spring and early summer when rainfall and 

stream flow are at a maximum and water levels in the Rocky Flats alluvium are high 

Discharge occurs at the edges of valleys (EG&G, 1990a). 

Unconfined ground water occurs at RFP in the unconsolidated Quaternary alluvial deposits. 

These include the Rocky Flats Alluvium and other pediment cover deposits present on broad 

topographic highs, and the various valley-fill alluvium deposits present in modern stream 

drainages. Ground water levels in the Rocky Flats Alluvium rise in response to recharge 
during the spring and decline during the remainder of the year. During periods of high 

surface water flow, water is lost to bank storage in the valley fill alluvium and returns to the 
stream after the runoff subsides. Seasonal ground water fluctuations for the OU12 area are 
discussed in Section 2.0. In the western portion of RFP, where the alluvium is thickest, the 
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depth to water is 50 to 70 feet below the surface. Although the water table is variable, it 

becomes generally shallower from west to east as the alluvium thins. Seeps are common 
in stream drainages along the contact between the Rocky Flats Alluvium and the underlying 
Arapahoe and Laramie Formations, and where Arapahoe Formation sandstone crops out. 
The unconfined ground water flows generally to the east along the gently sloping contact 
between the alluvium and the underlying bedrock. Unconfined ground water also exists 

in Arapahoe Formation sandstone which subcrops below the Rocky Flats Alluvium at RFP, 
Laramie Formation sandstones subcrop in limited areas along valley slopes. The Rocky Flats 
Alluvium and Arapahoe Formation sandstone, siltstone, and claystone constitute the 

uppermost aquifer at RFP (EG&G, 1991c and 1992b). 

Ground water in Arapahoe and Laramie Formation sandstones, that do not subcrop, exists 
under confined conditions throughout most of the RF'P area. The confining layers for the 

sandstones are the Arapahoe and Laramie Formation claystones and silty claystones. 

Saturated zones in the Arapahoe Formation and the uppermost Rocky Flats Alluvium have 
relatively low hydraulic conductivities. The uppermost water bearing zone aquifer is a 

heterogeneous deposit which displays a significant degree of variability laterally and vertically. 

Consequently, the uppermost water bearing zone exhibits a highly variable range of hydraulic 

conductivity values. Hydraulic conductivity values reported for the Rocky Flats Alluvium 
range from 1 x cm/s (Hurr, 1976) to 4 x lo-* cm/s (DOE, 1988). The most recent 

hydrogeologic investigation suggests the hydraulic conductivity of the uppermost water bearing 
zone is approximately 6 x lo-' cm/s (EG&G, 1991~). The claystones which typically underlie 

the alluvium have a hydraulic conductivity on the order of 1 x lO-' centimeters per second 
(cm/s), and effectively constrain much of the unconfined ground water flow to the more 

permeable alluvial deposits. 
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The Laramie Formation sandstones, formerly referred to as Arapahoe sandstones 3,4, and 

5, have a hydraulic conductivity of approximately lo4 cm/s (EG&G, 1991~). Currently, there 

are ongoing hydraulic conductivity studies being conducted on both a sitewide and OU-specific 

basis. Hydraulic conductivity values presented in past studies are being validated and new 

permeameter testing is being conducted. Pump testing and packer testing results are being 

evaluated for OU1. Results of the evaluation have only recently become available. 
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2.0 SITE CHARACTERIZATION 

2.1 OPERABLE UNIT 12 BACKGROUND 
Operable Unit 12 (OU12) originally consisted of 12 Individual Hazardous Substance Sites 

(IHSSs) identified in the 1986 Comprehensive Environmental Assessment and Response 

Program (CEARP). The boundaries of OU12 fall within the 400,600, and 800 Rocky Flats 

Plant (RFP) building areas, as shown in Figure 2-1. The OU12 boundaries were established 

as a result of negotiations among the U.S. Environmental Protection Agency (EPA), the 

Colorado Department of Health (CDH), and the U.S. Department of Energy (DOE) for the 

establishment of the Interagency Agreement (IAG). The IAG was signed in final form on 

January 22, 1991. On April 21, 1992, one IHSS (IHSS 147.1) was transferred to OU9 

(Original Process Waste Lines) for investigation and remediation (CDM, 1992). 

An ongoing investigation of the history and location of the 12 IHSSs originally identified in 

the IAG is summarized in the Historical Release Report (HRR) (EG&G, 1992~). 

Information contained in the HRR was obtained from record reviews and personnel 

interviews. The HRR indicates that of the original 12 IHSSs, in the IAG, only 10 remain 

in OU12. The existence of IAG IHSS 136.1 cannot be documented in the HRR and, 

therefore cannot be investigated, and IHSS 147.1 has been formally transferred to OU9. 

Table 2.1 lists the 12 original IHSSs identified in the CEARP, the 10 IHSSs remaining in 

OU12 as a result of the HRR, and the reason for discrepancies or location changes. The 

recent information developed in the HRR is the most complete and accurate compilation 
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of IHSS history currently available and will be used as a basis of this work plan. The 

revised IHSS locations and historical accounts in the HRR will be used for development of 

the Field Sampling Plan (FSP). If inconsistencies in history or rationale are identified in 
the HRR, the original IHSS location will also be considered in development of the FSP. 

The RFP 400, 600, and 800 building areas which encompass OU12 are in the southwestern 

portion of the main plant, which lies on an alluvial pediment referred to as the Rocky Flats 

Mesa. The pediment is an erosional surface capped with alluvial deposits, which slopes 

gently to the east at a dip of approximately one degree. Surface elevations at the site area 
range between 6,020 ft and 6,050 ft above mean sea level. 

Access to certain OU12 IHSSs may be limited due to physical obstructions or security 

provisions. Much of OU12 is located in highly developed areas restricted by buildings, 

overhead lines, and underground utilities. The OU12 IHSSs contain a variety of chlorinated 

solvent and acid spills; impoundments that once held chromium, lithium, or solvent 

solutions; and possible radioactive contamination resulting from releases of stored material 

or process wastes. The 10 OU12 IHSSs are listed in Table 2.2 along with brief site 

descriptions, compounds reported or suspected at the site based on information in the HRR, 
and the anticipated current location of suspect compounds. In addition to the OU12 IHSSs, 

potential under-building contamination (UBC) exists within OU12 in the 400 and 800 

building areas. Several previously unrecognized Potential Areas of Concern (PAC) have 

also been recently identified in the HRR (EG&G, 1992~). None of the UBCs or PACs are 

addressed in this work plan pending formal inclusion of PACs and UBCs into the RI/RFI 

process per the requirements of the IAG. 
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The following sections provide available historical descriptions of the OU12 IHSSs, UBCs, 

and PACs. The IHSS discussions are organized by geographic location, with IHSSs in the 

400 building area described first, followed by those in the 600 building area and, finally, the 

single OU12 IHSS in the 800 building area. These historical descriptions are derived 

primarily from the HRR (EG&G, 1992c), supplemented with the CEARP IHSS summaries. 

2.1.1 

The west loading dock, IHSS 116.1, is a staging and storage area associated with 

Building 447. The west loading dock, which has been in operation since 1956, is located on 

the north side of Building 447 and is west of Building 444 as shown in Figures 2-2 and 2-3. 
Figure 2-3 indicates the extent of paved areas, concrete pads, and soil or gravel covered 

areas. A photograph of IHSS 116.1 is presented in Figure 2-4. The location from which the 

photograph was taken and the direction towards which the camera was oriented are shown 

in Figure 2-3. The location of the west loading dock presented in the IAG agrees generally 

with the location determined in the HRR. However, low-level oblique photographs clearly 

show that the dock situated along the north side of Building 447 extends farther to the west 

than originally proposed (Norton, 1984). 

West Loadinp Dock Building 447 (IHSS 116.11 

Building 444 was put into use in 1953 for the manufacturing of depleted and enriched 

uranium components. Beryllium component manufacturing operations began in 

approximately 1958. Also, some normal uranium fabrication was performed in the early 

years of operation. Major processes conducted in the building included machining, welding, 

and cleaning. There is also a foundry and a laboratory in which parts can be etched, 

electroplated, and coated. Building 447 was put into service in 1956 and houses both 

assembly-related processes and waste-related processes. In Building 447, metal parts from 
Buildings 444 and 460 are cleaned, leak-tested, welded, and heat treated. The heat 
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treatment process is designed to relieve stress and machining damage in the parts. In the 

past, a chip roaster was operated to convert depleted uranium chips from Building 444 to 

uranium oxide. 

No details are documented concerning releases from the west loading dock. Drums 
containing nonradioactive solvents may have been stored on the dock (DOE, 1987). Dark 

staining of soil from spills and leaks of oil stored in drums near Building 453, located 

immediately north of the loading dock, have been documented and are being investigated 

in OU10. Spills and leaks may have contaminated soil and ground water beneath the dock 

(EG&G, 1992~). The nature of contamination for IHSS 116.1 is discussed in Section 2.4. 

Two potentially contaminated sites that are not within OU12 are immediately adjacent to 

or overlap IHSS 116.1 boundaries. These sites are IHSS 208, which is the inactive 444/447 

hazardous waste storage area, and PAC 400-801, where an electrical transformer may have 

leaked. IHSS 208 is identified as a temporary storage area for metal plating solutions in a 

20 ft by 8 ft cargo container. There are no documented leaks from the cargo container. As 
agreed upon in the IAG, IHSS 208 is to be studied as part of Operable Unit 10. PAC 400- 

801 is identified as a transformer, formerly located on the roof of Building 447, which may 

have released polychlorinated biphenyl (PCB) contaminated runoff that infiltrated soils 

adjacent to Building 447. PCB investigations are typically not included in the OU12 RFI/RI 

and are likely to be addressed in another program for PCBs. Due to the proximity of 

IHSS 116.1 to the former transformer, and the potential for runoff to have infiltrated soils 

in the area, samples collected at IHSS 116.1 will be analyzed for PCBs as described in 

Section 6.0. 
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2.1.2 

The south loading dock, which has been in operation since 1953, is located on the south side 

of Building 444 as shown on Figure 2-2. The location of the south loading dock 

(IHSS 116.2) is shown in Figures 2-3 and 2-5, and a photograph of IHSS 116.2 is presented 

in Figure 2-6. The IAG located the south loading dock west of the plenum, which is south 

of Building 444. Low-level oblique photographs clearly indicate that the dock is east of this 

plenum as shown in Figure 2-6. 

South Loading Dock Building 444 (IHSS 116.2) 

Many incidents have contributed to possible contamination in the south loading dock area: 

In 1953, high winds blew the lids off drums stored in this area, releasing uranium 
onto the dock, sidewalks, and driveways; 

On August 30, 1954 while vacuuming in a centrifuge, the motor of a portable 
vacuum shorted out. When the chips in the vacuum receptacle ignited, the 
receptacle was taken to the dock (known then as Dock No. 2). To extinguish the 
fire, the bag’s contents were transferred to a steel drum and Metal-X powder was 
added. The explosive nature of the burning material released airborne uranium 
contamination to the outside atmosphere and covered the dock and the adjacent 
areaway with uranium oxide. The areaway is the pit entrance to the basement that 
is used to store cyanide and graphite storage drums. After the vacuum incident, 
the dock was cleaned, but there is no record that the pit inside the areaway was 
decontaminated. 

In October 1955, a 55-gallon drum of perclene (tetrachloroethylene) still bottoms 
and nitric acid stored on the dock burst and released contamination to the area; 
and 

Until 1970, chlorinated hydrocarbon solvents used to rinse beryllium parts were 
disposed of on the ground outside Room 106 which opens to the dock. 

Details regarding the nature of contamination for IHSS 116.2 are presented in Section 2.4. 
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2.1.3 

Two former cooling tower ponds have been identified in the vicinity of Buildings 444 and 

447 as described in this and the following subsection. IHSS 136.1 is the cooling tower pond 

west of Building 444, used between 1956 and 1969, to hold blowdown from the cooling 

tower in Buildings 447 and possibly Building 444. 

Coolin? Tower Pond West of BuildinrJ 444 (IHSS 136.11 

The location of IHSS 136.1 is shown in Figure 2-7. A 1965 historical photograph of MSS 

136.1 is presented in Figure 2-8. Although reference to three cooling water ponds in the 

vicinity of Building 444 was made in the CEARP Phase I report (DOE, 1986), 

documentation examined during the HRR search supported the existence of only two ponds 

(EG&G, 1992~). The pond located west and north of Building 447 (IHSS 136.1) can be 

seen clearly in an aerial photograph taken in 1965 (RFP Photograph 10620-17). It is located 

north and west of the location described in the IAG as IHSS 136.3. As indicated in Table 

2.1, IHSS 136.3 identified in the IAG is the same as IHSS 136.1 identified in the HRR. The 
nature of contamination at IHSS 136.1 is discussed in Section 2.4. As shown in Figure 2-7, 

the former pond location is now partially or completely covered by Building 460, above 

ground tanks, and pavement. 

0 

2.1.4 

The location map and 1969 historical photograph for IHSS 136.2 appear in Figures 2-9 and 
2-10, respectively. Every document found addressing the location of cooling tower ponds 

in the 400 area describes one as being "due east of Building 444" or "east of the Building 

444 exclusion fence," which is assumed to be IHSS 136.2. The pond was reportedly utilized 

on May 25, 26, and 27, 1956 by an outside contractor (Dowell) to collect the various 

solutions used during cleaning of the Building 444 cooling tower. Typical solutions used to 

clean cooling towers are acidic or contain chromate as described in Section 2.4. In 

CoolinP Tower Pond East of BuildinP 444 (IHSS 136.2) 
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September 1956, when the liquid had evaporated and percolated away, the pond was 

backfilled. On December 2, 1958 cooling water from Building 447 was reportedly pumped 

to a surface ditch and allowed to flow across plant site (PAC 000-502). Previous to 1958, 

drainage and flushing of the cooling water had been diverted to the cooling tower blowdown 

pond east of Building 444, not to a surface ditch making the 1958 documentation unclear. 

The several references to a pond east of Building 444 may have been referring to the pond 

used by Dowell in 1956, or other standing water observed in the same relative location in 
later photographs. 

The exact location of MSS  136.2 is unclear based on maps and text in the HRR. The pond 

may have been the standing water observed in aerial photographs (Figure 2-10) although 

the date of the photograph is documented to be later than the date the pond was backfilled. 

This location best fits the description of the pond used during the Dowell operation, 

however, and it is also close to the cooling tower which is immediately east of Building 444. 

The probable use of this general area as a cooling tower blowdown pond is substantiated 

by interviews conducted during the HRR with a retired RFP employee. Another interview 

conducted during the HRR indicated an oily sheen visible on the surface of the pond. The 
nature of contamination for IHSS 136.2 is discussed in Section 2.4. 

2.1.5 

The radioactive site south area (IHSS 157.2) is located within a secured area at RFP, and 

includes the soil and paved area surrounding Buildings 444, 447, 440, and 439. Prior to 

1973, soils in the vicinity were reported to contain low levels of uranium and chemical 

contamination. Buildings 439 and 440 also had possible infiltration of hydraulic oil and 

carbon tetrachloride originating from the uranium machine tool storage area (DOE, 1987). 

A uranium machine tool storage area was documented to be in the present location of 

Radioactive Site South Area (IHSS 157.2) 
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Building 460 as shown in Figure 2-11. The western boundary of IHSS 157.2 has been 

extended to the west in the HRR from what was presented in the IAG to encompass the 

former uranium machine tool storage area, south to include the northern portions of 

Buildings 440 and 439, and east in an arc that follows the railroad spur. The extension of 
the boundaries is intended to include other activities that took place from 1953 to the 

present in the general area included within this site. IHSS 157.2 also includes contamination 

beneath Building 444 (EG&G, 1 9 9 2 ~ ) ~  which is described in Section 2.1.9, Under-Building 

Contamination. Figure 2-1 1 illustrates the present configuration of IHSS 157.2 including 

paved areas. Figure 2-12 contains a historical photograph dated June 5, 1969 of the entire 

IHSS 157.2 area. 

Several operations associated with Building 444 may have contributed to potential 

contamination in the area. Probably the most significant event occurred near the south dock 

(IHSS 116.2) where solvents, used to rinse beryllium parts, were disposed of onto the 

ground. Details of activities on this dock are described in Section 2.1.2. Soil sampling 

conducted twice in 1954 indicated radioactivity levels two and three times that of 

background in a ditch south of Building 444 (EG&G, 1992~). Neither the sample locations 

nor radioactivity results were documented in the HRR. 

An ingot open storage area east of Building 444, a metal storage area to the south of the 

building, and a uranium machine tool storage area to the west may have contributed to low- 

level soil contamination. As mentioned previously, the uranium machine tool storage area 

is under Building 460 and cannot be investigated in this plan. The other areas will be 

investigated in IHSS 157.2. There have also been cooling tower ponds in the area, 

previously described under IHSSs 136.1 and 136.2, Sections 2.1.1 and 2.1.2, respectively. 
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Numerous incidents are mentioned in documents found during the HRR search that indicate 

potential contaminant releases to the IHSS 157.2 area; however, most of them provide few 

details. The reported incidents are discussed below. Potential contaminants are discussed 

in Section 2.4. 

In May 1960, a vacuum collector fire in Building 447 resulted in the release of 
approximately 44 microCuries of depleted uranium. The depleted uranium was 
deposited on the roof of the building. 

In December 1962, a uranium and beryllium release from Building 444 occurred 
through an unfiltered hood that vented to the exterior of the building. 

In June 1966, a process waste line broke to the north of Building 444. 

On November 11, 1974, approximately 170 square feet (ft*) of road south of 
Building 444 (probably Cedar Avenue) was contaminated when a barrel containing 
uranium chips was dropped during transfer. 

Low-level oblique photographs taken in 1965 indicate drum storage west of 
Building 444 in a location that is now covered by Building 460 (EG&G, 1992~). 
Similar photographs taken in 1969 indicate a drum storage area at the southeast 
comer of Building 444, Figure 2-10 in this report (RFP Photograph 13677-08, 
1969). The contents of these drums is not known; however, drums containing 
cyanide and graphite were known to be stored downstairs through an areaway 
adjacent to the south loading dock. 

Near the southeast corner of Building 444, very close to the railroad tracks, a small 
building can be seen in the 1969 RFP photographs. The ground around this 
building is covered with a white substance that is related to sandblasting operations 
(PAC 400-807). Also, just west of Building 445 in the ditch near the railroad 
tracks, there was a pool of water which may have been the cooling water pond 
identified in the HRR as IHSS 136.2 (RFP Photograph 13676-10, 1969), 
Figure 2-10 in this report. 

RFP photographs taken in 1978 show poor housekeeping in the area of 
Building 440. The area is littered with miscellaneous materials such as pallets, 
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open paint cans, and machinery. There are also cargo containers located north of 
the building (RFP Photographs 22923-22927, est. 1979). 

On February 23, 1978 a fire in the air plenum south of Building 444, which services 
the beryllium machining operations in Room 107, resulted in the release of an 
estimated 14.5 grams of beryllium. There was a large cleanup attempt after the 
Building 444 plenum fire. Firemen responding to the alarm began spraying the 
exterior of the plenum with water where the paint had started to blister and other 
areas around the plenum to settle the contaminated dust. Temporary dams were 
established in the ditches south and east of the building and samples were taken 
of the firewater impounded there. Laboratory analysis revealed 1.6 milligram per 
liter (mg/l) beryllium in the east ditch and 4.3 mg/l in the south ditch, respectively. 
These values compare to 0.0024 mg/l mean background concentration for surface 
water samples reported in the Background Geochemical Characterization Report 
(EG&G, 1990a). This water was sent to Building 774 for processing. Personnel 
who were in the building at the time of the fire were sent to Building 881 for 
showers. The shower water was retained until analytical results indicated that 
there was no beryllium present. 

An incident occurred on November 4, 1985 involving pressurization of a process 
line in Building 447. The incident report for the spill is in Appendix B 
(Ref. 1600551). The pressure forced liquid through a floor drain and up the vent 
pipe onto the roof where it ran into the gutter and onto the ground below. The 
location of the vent pipe was in Room 502, although the specific area of the 
release onto the ground was not provided in the incident report. Documented 
radioactive contamination levels were as high as 10,000 counts per minute (cpm) 
beta activity. The area affected by the process waste overflow was decontaminated 
to below 250 cpm or else painted to contain the radioactivity. The drain that was 
involved was to have been relocated and a ball check valve installed on the vent 
pipe. 

While transferring three drums across the plant site on November 30, 1990 one 
drum containing beryllium ingots was discovered to be radioactive. All areas were 
smeared along the path the barrels had been taken, and high smears (more than 
25 cpm/ft2) were found just outside the Building 444 beryllium machine shop at the 
exit/entrance door. The path of the drums is not documented in the HRR and the 
extent to which it is within OU12 cannot be determined. 
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Little documentation has been found that specifically indicates cleanup of these incidents, 

except where noted in the discussion. The nature of the contamination resulting from these 

reported releases is discussed in Section 2.4. 

2.1.6 

The sulfuric acid spill (IHSS 187) occurred on September 11, 1970 from an aboveground 

3,000 gallon tank located approximately 30 ft east of Building 443. About 1,500 gallons of 

acid spilled from the tank and drained eastward, where the acid was captured in an earthen 

pit and neutralized with lime. The location of IHSS 187 is shown on Figure 2-13 and is 

located east of Building 443, extending into an area now occupied by Building 452. 

Figure 2-14 is a schematic drawing of the path that the acid flowed in 1970, the earthen pits, 

and where the neutralized acid was temporarily stored. Figures 2-15, 2-16, and 2-17 are 

photographs taken from various locations within IHSS 187. Much of the area has been 

graded and buildings, tanks, and sidewalks are now present at the previous spill location. 

Documentation regarding the spill and cleanup activities is in Appendix B. 

Sulfuric Acid SDill (IHSS 1871 

Building 443 was placed in service in 1953 and houses the steam generation plant. Water 

is softened and transferred to boilers to make steam for use in process heating and cleaning 

operations. The steam boilers are normally operated using natural gas, although Number 6 

diesel fuel is used as a backup fuel. This fuel is stored in two large aboveground tanks that 

are located about one block east of Building 443. Aboveground tanks containing sulfuric 

acid and sodium hydroxide are located on the east side of the building. These materials are 

used for boiler descaling and neutralization. 

The 3,000-gallon acid tank associated with IHSS 187 was salvaged from Building 881 where 

it had been stored an estimated eight to ten months after decontamination. At the time of 
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installation, the drain line was equipped with a nonstandard valve and flange. The piping 

system was hydrostatically tested on July 2, 1970. The tank was filled with water and left 

for three weeks and was determined to have no leaks. After the water was drained from 

the tank, the valves and gaskets were changed. 

From the drain valve of the acid tank, a pipe extended to a 200 gallon mixing tank situated 

over a 7,000 gallon concrete, PVC-lined neutralizing tank inside Building 443. Figure 2-18 

is a schematic drawing of the acid tank and neutralizing process, and indicates neutralizing 

tank effluent is discharged to the sanitary sewer system. Prior to filling the acid tank, it was 

verified that the tank was empty by opening all valves and noting that no drainage occurred 

to the mixing tank. The tank was filled with acid on September 3, 1970. During filling, it 
was discovered that the level indicator was not functioning which resulted in an overflow of 

approximately 1/2-gallon of sulfuric acid. Another spill occurred when the transfer hose was 

removed and was allowed to drain onto the ground. Both spills were neutralized with 

caustic. The tank was then locked out. 

On September 11, 1970 a sulfuric acid stream about 1/4 inch in diameter was found 
spraying out about 4 ft from the flange above the drain valve. After discovery of the leak, 

the fire department began spraying the tank and the surrounding area with water. High 

winds were carrying the acid and fumes to the south and east; therefore, this procedure was 

curtailed. Lime was added to neutralize the sulfuric acid. 

The lockout chain was cut and the acid allowed to drain to the mixing tank inside 

Building 443. The mixing tank was adapted with a flexible hose which would let the acid 

drain into the neutralizing tank. Approximately nine hours after the leak was detected, the 

tank was completely emptied. 
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Because the tank was not equipped with secondary containment, the acid emanating from 
the flange drained through a culvert under Fifth Street and along a ditch south of 

Building 442. The acid continued to flow northward along a north-south ditch east of 

Building 442 and west to ponds that were constructed to contain the acid. One pond 

measured roughly 75 ft by 25 ft and the other was about 25 ft by 25 ft. 

On September 12, 1970, it was discovered that the neutralization tank inside Building 443 

was leaking from the drain valve into the sanitary sewer line and into the sewage treatment 

plant (Building 995). The acid was transferred from the neutralization tank to 24 

polyethylene-lined barrels that were placed near the earthen pits in Figure 2-14. The 

investigative report on this incident states that the drums were surrounded by a dike, but 

photographs taken on September 14, 1970 do not show a dike (RFP Photograph 14686, 

1970). 

The drain valve on the neutralization tank had not been inspected since its installation in 

1966. Dirt was found on the acid tank which may have contributed to the inadequate 

closure of the neutralization tank valve. 

No documentation was found which detailed the removal of contaminated soil. However, 

photographs indicate excavation of soils immediately adjacent to the tank. The nature of 

potential contamination resulting from the spill is discussed in Section 2.4. 

2.1.7 

The fiberglassing area referred to as IHSS 120.1 is located north of Building 664. A 

fiberglass panel shed is located within the IHSS, and the area is fenced, The IHSS 120.1 

location and photograph are shown in Figures 2-19 and 2-20, respectively. 

Fiberglassing Areas North of Building 664 (IHSS 120.1) 
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The fiberglassing area described in this and the next subsection were used during the period 

between 1972 and 1979 to fiberglass waste packing boxes. The fiberglassing process may 

have resulted in spills of polyester resin, peroxide catalyst materials, and cleaning solvents, 

although no documentation of spills was indicated in HRR research. The nature of any 

contaminants resulting from the fiberglassing area IHSSs is discussed in Section 2.4. 

2.1.8 

The location and photograph for IHSS 120.2 are shown in Figures 2-21 and 2-22, 

respectively. Building 664 became operational in 1972 and is used for storage, staging, 

loading, and shipping of radioactive wastes. Building 664 contains a fiberglass application 

operation and a Real Time Radiography unit. 

Fiberglassing Area West of Building 664 (IHSS 120.21 

The fiberglassing area west of Building 664 (IHSS 120.2) is fully encompassed by IHSS 161, 

which is to be investigated as part of OU14. IHSS 161 may contain low-level residual 

plutonium and uranium contamination resulting from punctured or leaking drums and boxes 

of solid and liquid wastes. In accordance with the IAG, IHSS 161 will be investigated as 

part of OU14. However, the radiological survey and surficial sampling to be undertaken at 

IHSS 120.2 within OU12, will provide preliminary information on the extent of 

contamination at IHSS 161. Activities planned at IHSS 120.2 are described in Section 6.0, 

Field Sampling Plan. 

2.1.9 

This IHSS was originally identified as Multiple Acid Spills, 800 area. However, specific 

information from the CEARP is vague regarding location. Interviewees for CEARP Phase I 

indicated that the "nitric acid receiving area (218) located north of Building 881" was the 

location of numerous small spills during acid transfer and operation. Other interviewees for 

Nitric Acid Tanks (IHSS 1891 
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the same document indicated the nitric acid farm west of Building 881 was the location of 

spills which were rinsed off onto the ground. These interviewees defined the IHSS as 

multiple acid spills north and west of Building 881. 

IHSS 189 has been mapped in the location of the 218 Acid Tanks as indicated on 
Figures 2-23 and 2-24. Two, approximately 10,000 gallon, storage tanks are located adjacent 
to the railroad tracks east of Building 444 and south of Cottonwood Avenue. The tanks 

have been used for the storage of nitric acid since 1952 and are assigned the facility 

number 218. The tanks supply acid to Building 771 and Building 883. The tanks are within 

concrete containment structures, but it is not known if these structures were there 

historically. Numerous spills of unknown volume were reported during the filling and 

transfer of nitric acid from these tanks, but only the following specific incidents from the 

HRR were documented (EG&G, 1992~). Documentation of spills at the nitric acid tanks 

is included in Appendix B. 

On October 27, 1982, a brown cloud was observed coming from the Building 218 nitric acid 

tank during loading from an acid transport truck. The incident was reported to RFP 
environmental personnel, On September 24, 1985, an unspecified volume spill of nitric acid 

occurred during a vendor tank filling operation. The spill was neutralized with two 

containers of unknown size of sodium bicarbonate. On June 28, 1986, approximately one 

gallon of nitric acid spilled on the ground at the acid storage tank, apparently caused by 

failure of the automatic shutoff system. The release was neutralized with an application of 

sodium bicarbonate, and the incident was reported. It should be noted that, at one time, 

there were overhead acid pipelines between the 218 tanks and the northwest side of 

Building 881. It is not unlikely that the lines were hit by vehicular traffic at times causing 

the acid to spill on the ground, which may have been the source of releases identified in the 
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CEARP as north and west of Building 881. The nature of contamination resulting from 

these releases is discussed in Section 2.4. 

2.1.10 

Process waste line leaks (147.1) were reported to have occurred in the approximate location 

of IHSS 147.1 on Figure 2-25. Several other leaks have been documented at multiple areas 

in the Original Process Waste Lines (OPWL) system. Figure 2-28 shows the original process 

waste lines located in OU12. The lines themselves are part of the OPWL system, 

designated as OU9, as are most of the reported spill locations. Originally IHSS 147.1 was 

to be investigated in OU12. Due to the nature of the spill at this location however, this 

IHSS has been transferred to OU9 for investigation. No further discussion of IHSS 147.1 

is presented in this work plan. 

Process Waste Line Leaks (IHSS 147.11 

2.1.11 

Persons interviewed during preparation of the CEARP Phase I document stated that low- 

level radioactive contamination was thought to exist north of Building 881 due to leaks in 

the process waste lines; however there are no process waste lines in the area of IAG 

IHSS 147.2. This suspected low-level radioactive contamination may be associated with the 

storage of items from Building 881 conversion activities, which occurred between 1964 and 

1966. No documentation could be found in HRR research that indicates a release due to 
conversion activities in the location given in the IAG. The HRR recommended relocating 

IHSS 147.2 to the conversion activity storage area shown in aerial photographs. The site 

is located approximately 150 feet south of Building 865, about 250 ft east of Building 883 

and 450 ft south of Central Avenue. It measures approximately 50 ft by 150 ft (EPA 
Photograph VI3 BL 3-7 1964). The location and a photograph of IHSS 147.2 appear in 

Figures 2-26 and 2-27, respectively. 

Building 881 Conversion Activity (IHSS 147.22 
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Building 881 was placed into service in 1953 as an enriched uranium components production 

building. The building also contained a laundry, an analytical laboratory, and facilities for 

chemically recovering enriched uranium from manufacturing wastes. In the mid-l960's, all 

enriched uranium manufacturing activities ceased and Building 881 was converted to a 

nonradioactive metals fabrication facility. 

No documentation was found which detailed when items were first stored south of 

Building 88 1. Interviews with former RFP employees indicate that miscellaneous equipment 

was stored in this area such as lathe and rolling mill parts. Aerial photographs show items 

in this area as early as 1964 (EPA Photograph VB BL 3-7, 1964) and again in 1966 (EPA 

Photograph AIN IKK 154, 1968). By 1969, the area had been covered by a parking lot. 

Figure 2-26 shows that currently IHSS 147.2 is partially covered by pavement. The nature 

of potential contamination associated with IHSS 147.2 is discussed in Section 2.4. 

2.1.U Under-Building Contamination (UBC-439. 447. 881. 883. and 889. 400 & 800 
Areas) 

The following buildings in the 400 and 800 areas within the OU12 boundaries have been 

identified as potential areas of concern (PAC) due to the possibility of contamination 

occurring beneath existing structures: 

Building 447 (UBC-447); 

Building 881 (UBC-881); 

Building 883 (UBC-883); and 

Building 889 (UBC-889). 

Building 444 (UBC-discussed as IHSS 157.2); 
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The PAC reference number for these sites is UBC followed by the building number. No 

UBC-PACs have been identified within the 600 area. UBC-PACs within OU12 are not in 

the IAG, and are therefore outside the scope of this investigation. 

Soil and/or ground water beneath the identified buildings may have become contaminated 

because of the nature of the activities within these buildings. Numerous indoor unplanned 

events and routine operations may have led to under-building contamination. These events 

are not all similar in nature or scope. Some of these unplanned events have involved 

extremely small spills of hazardous materials while others have been major industrial 

accidents. In addition to these identifiable events, there is also the possibility of routine 

operations contributing to under-building contamination. For example, leaking process 

waste lines could contribute to under-building contamination. Leakage from such lines is 

generally cleaned up upon its identification, but at times the affected environment is under 

a building and is not remediated. Tanks associated with these buildings may have leaked 

or may have been overfilled causing a release to the environment. Building sumps, floors, 

and foundation walls may have cracks or be otherwise unsealed and have created a pathway 

for contamination of the environment beneath the building. 

Some of the events that may have led to under-building contamination within OU12 are 

listed below. These events include several spills which may have migrated to soils beneath 

the building via floor drains, joints, or cracks. This list is not intended to be complete, but 

is representative of the types of events that may have led to under-building contamination. 

UBC-439, 444, 447 A vacuum collector fire in Building 447 in May 1960 and a 
uranium/beryllium release through an exterior vented hood in 
December 1962 from Building 444 may have dispersed airborne 
uranium and beryllium throughout portions of the 400 Area. 
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Building 439, Building 444, and Building 447 are suspected to be 
radioactively contaminated to some degree including the footings 
and foundations of these buildings. 

UBC-444 This building houses general fabrication operations. These 
operations include machining, casting, and other related operations. 
Use of this building began in 1953. 

The sewage treatment plant received a greenish substance which 
was traced back to Building 444 and an incident involving the 
overflow of a chromic acid solution from a hazardous waste tank. 
Chromic acid solution overtopped a plating bath, emptied into a 
trough leading to a RCRA tank, overtopped into the secondary 
containment berm, then spilled onto the floor and into a sump and 
building footing drains. The footing drains empty to the sewage 
treatment plant, where the green substance was observed. This 
incident, which occurred on February 22, 1989, resulted in the filing 
of a RCRA Contingency Plan Implementation Report (89-001) 
which is included in Appendix B. There is no information to 
determine if chromic acid migrated below Building 444 or its 
footing drains. 

A continuous flow fabric filter in Room 1 of Building 444 
overflowed, spilling low-level radioactively contaminated liquid onto 
the floor in the area of the filter. This incident occurred on July 7, 
1989, and resulted in the filing of a RCRA Contingency Plan 
Implementation Report (89-010). This report is included in 
Appendix B. 

A 65-gallon spill of process waste water occurred in Room 1 at a 
temporary bypass for a filter. This incident occurred on 
September 29, 1989, and resulted in the filing of a RCRA 
Contingency Plan Implementation Report (89-014), included in 
Appendix B. 

Approximately 2,000 gallons of process waste water leaked from a 
fume scrubber tank in Room 204 on October 25, 1989. This 
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incident resulted in the filing of a RCRA Contingency Plan 
Implementation Report (89-017), which is included in Appendix B. 

Water used in the suppression of a fire in Room 245 flooded the 
floor and several baths containing gold cyanide plating solution, 
sulfuric acid, hydrochloric acid, and nickel. The water flowed 
through floor drains and overflowed waste tanks in rooms 9,10, and 
11. This incident occurred on May 21, 1990 and a RCRA 
Contingency Plan Implementation Report (90-005) was filed. 

UBC-88 1 

UBC-883 

Building 881 currently houses primarily laboratory and office 
support operations. Various other operations have been conducted 
in this building such as uranium recovery, machining, and 
fabrication. Use of this building began in 1953. Waste lines have 
been broken with possible infiltration of the underlying soil. 

This building houses general rolling, forming, and forging 
operations. Use of this building began in 1957. On October 27, 
1989, process waste water was noted to be overflowing from a tank 
in Room 139 and some of the water flowed under the wall. This 
incident resulted in the filing of a RCRA Contingency Plan 
Implementation Report (89-018), which is included in Appendix B. 

In addition to the information available on specific events in or near buildings that may have 

led to under-building contamination, there are also data that indicate the presence of 

contamination under Building 444. As part of routine footing drain and event-related 

sampling programs, footing drain and building sump samples have been collected. These 

samples have historically been analyzed for total dissolved solids, conductivity, nitrate, 

nitrogen, pH, gross alpha activity, gross beta activity, and tritium activity. Buildings in OU12 

that have footing drains include Buildings 444,883, and 881. Engineering drawings showing 

footing drain locations and footing drain sample analysis results obtained during finalization 

of this work plan are in Appendix C. Elevated concentrations of some contaminant or 

indicator parameter have been noted at least once in building sump BS 444-2 (EG&G, 
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1992~). Building sump locations are shown in Figure 2-28. Additionally, buried process 

waste lines, pipes, and other materials may be contaminated even though the use of the 

building has changed and these pipes and other materials may no longer be in use. As part 

of the OU12 field sampling plan, additional footing drain analytical data will be obtained, 

reviewed, and the need for additional sampling evaluated. 

2.2 PREVIOUS INVESTIGATIONS AND OTHER OPERABLE UNIT IMPACTS 

The following sections discuss prior investigation activities which have been conducted 

within OU12, and describe the potential impacts of activities planned for other OUs. 

2.2.1 Previous Investigations 

Investigation of OU12 is required according to the LAG which was drafted on January 22, 

1991, since no specific OU12 IHSS investigations have been conducted. Many of the MSSs 

contained within OU12 were previously identified during plant-wide investigations discussed 

in Section 1.3.2. The CEARP Phase I investigation identified 12 IHSSs (originally referred 

to as Solid Waste Management Units) in OU12. The more recent HRR has researched and 

refined the specific locations of the 10 remaining IHSSs described in Section 2.1. Previous 

site-wide monitoring programs have resulted in the installation of numerous soil borings 

throughout the industrial area, including OU12. Many of these borings have been 

completed as piezometers or monitoring wells. The latest RCRA Monitoring Report 

(EG&G, 1992g) addresses ground water quality upgradient and downgradient of OU12. 

Available geologic and ground water data from these wells are presented and discussed in 

Section 2.3. RFP has also been the subject of numerous radiometric surveys, many of which 

were conducted in the OU12 area. A site-wide assessment of PCB releases has recently 

been conducted (EG&G, 1991h) which includes the OU12 area. The following sections 

discuss radiometric surveys, the HRR, PCB assessment, and the RCRA Monitoring Report. 

e 
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2.2.1.1 Radiometric Survevs 

Numerous radiometric surveys have been conducted at the RFP. The radiometric data that 

were collected during the time period 1977 to 1984 included in Appendix D, evolved from 

the use of Field Instrument for Detecting Low Energy Radiation (FIDLER) type research 

instruments designed to identify methods to evaluate contamination in soil. Experimental 

instruments were being used at the RFP as early as 1971 or 1972. A plant-wide survey 

begun in 1977 and completed in September 1984 accomplished its purpose of locating 

abnormal radiation levels in the soil of the RFP and confirmed that large areas of the plant 

have higher than environmentally acceptable levels of radioactive contamination. 

Appendix D contains the results of this survey as they apply to OU12. 

2.2.1.2 Historical Release Report (HRR) 

The purpose of the HRR is to provide information on existing and potentially new IHSSs 

at RFP. The scope of the HRR is derived from the JAG, which stipulates that the HRR 

will provide a complete listing of all spills, releases, and incidents involving hazardous 

substances occurring since the inception of the RFP. The HRR project was structured to 

provide a reasonable and diligent effort towards meeting this goal, focusing on incidental 

releases that took place outdoors or had an immediate impact on the out-of-building 

environment, and on waste management practices that have been discontinued due to 

environmental concerns. In addition, the HRR addresses the potential cumulative effects 

of inside-building releases on the environment beneath the buildings, and discusses known 

and potential environmental releases outside the RFP boundaries due to RFP activities. 

2.2.1.3 PCB Assessment 

A site-wide assessment conducted in 1991 has identified 35 documented or potential PCB 

contaminated sites at RFP (EG&G, 1991h). Thirteen of the identified sites fall within or 
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close to OU12 boundaries. The assessment was based on document and record review, 

personnel interviews, and sampling and analysis. DOE has proposed to the agencies that 

PCB sites will be investigated under the Toxic Substance Control Act (TSCA) not in the 

RFI/RI. However, PCBs are included in the analytical suite for samples collected at OU12 

IHSSs in which PCB-contaminated runoff may have infiltrated soils. 

2.2.2 

Some of the OU12 IHSSs located in the 400, 600, and 800 building areas may be impacted 

not only by events identified for that IHSS, but also by activities occurring at nearby or 

overlapping IHSSs contained in other OUs. The following sections describe the other OUs 

in the area. The primary OUs of concern include OU9 (Original Process Waste Lines), 

OUlO (Other Outside Closures), OU13 (the 100 Area), and OU14 (Radioactive Sites). 

Historical information and investigations planned for IHSSs that are in other OUs and are 

near to or overlap OU12 IHSSs have been considered in developing the OU12 Field 

Sampling Plan to avoid duplication of effort, or to alter the OU12 analytical suite, if 

necessary. In the event IHSSs from other OUs commence field activities prior to OU12, 
FSP data needs will be conveyed to the other OU in an effort to combine activities and/or 

streamline the schedule. Similarly, if OU12 commences field activities first, OU12 will 

evaluate data needs at overlapping IHSSs from other OUs, and attempt to similarly 

accommodate data needs. 

ImDacts from Other herable Units 

e 

2.2.2.1 

Numerous OPWLs and the associated IHSSs contained in OU9 exist within the boundaries 

of OU12. Figure 2-28 shows the OPWL system located within the OU12 area. Specific 

impacts of OU9 have been identified. These include multiple releases from the OPWL 

OU9 (Orieinal Process Waste Lines) 
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pipeline at IHSS 147.1 which has been transferred to OU9 and suspected uranium and 

beryllium contamination around Building 444 and Building 447 (IHSS 157.2). 

2.2.2.2 OUlO (Other Outside Closures) 

OUlO has four IHSSs located within the OU12 boundaries: IHSS 182, II-ISS 205, IHSS 207, 

and IHSS 208. The Final Phase I RFI/RI Work Plan for OUlO was submitted in May, 

1992. The OUlO work plan contains details of the planned investigation activities, which 

are scheduled to begin after work plan approval and reported in a Draft Phase I RFI/RI 

Report on August 25,1994. The final OUlO work plan (May 1992) has been reviewed with 

respect to OU12 IHSSs. 

2.2.2.3 OU13 (100 Area) 

OU13 contains several IHSSs immediately north of OU12, one of which actually overlaps 

the location of OU12 IHSS 187 presented in the HRR. The OU13 IHSS that overlaps 

IHSS 187 is IHSS 157.1, Radioactive Site North. 

The Final Phase I RFI/RI Work Plan for OU13 will be submitted on October 19, 1992. 

The RFI/RI Draft Report for OU13 will be submitted on August 8, 1994. Details of 

investigation activities required at OU13 are outlined in the IAG and will be outlined in the 

OU13 Work Plan. 

2.2.2.4 OU14 (Radioactive Sites) 

OU14 has one IHSS located in the 600 building area (IHSS 160) which completely overlaps 

the OU12 IHSS 120.1, and another (IHSS 161) which completely overlaps OU12 

IHSS 120.2. The Final Phase I RFI/RI Work Plan for OU14 is due on October 19, 1992, 

and the Draft RFI/RI Report for OU14 is due on December 20, 1994. Sampling plans 
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developed for OU12 IHSSs will be conveyed to OU14 personnel to coordinate the two 

investigations and minimize duplication of effort. Details of planned activities at OU14 may 

be found in the IAG and the OU14 work plan. 

2.3 GEOLOGY AND HYDROLOGY 

The following sections on the geology and hydrology of the site are based primarily on the 

Final Geologic Characterization Report (EG&G, 1991~) and on information presented in 

the 1991 RCRA Ground Water Monitoring Report (EG&G, 1992g). Geologic 

characterization is ongoing, and under constant re-evaluation as new data are developed. 

The bedrock lithology data presented in the Final Geologic Characterization Report have 

been used in conjunction with available borehole logs for the OU12-specific interpretations 

presented herein regarding the cross-sections and bedrock geology. 

Appendix E contains borehole logs for all soil boring and well locations used for the 

preparation of this work plan. Locations of wells are shown in Figure 2-29. Some of the 

wells shown have since been abandoned, as indicated in the figure. 

2.3.1 Geology 

The following discussion addresses the surficial and bedrock geology of the site area. An 
alluvial thickness (isopach) map is presented in Figure 2-30. A bedrock geology map 

appears in Figure 2-31, which also shows locations for cross sections A-A’ and B-B, which 

are shown in Figures 2-32 and 2-33, respectively. 

The surficial geologic unit at the site is the Quaternary Rocky Flats Alluvium. The Rocky 

Flats Alluvium is the oldest and topographically highest alluvial deposit at RFP, and was 
formed by a series of coalescing alluvial fans deposited by braided streams. The unit is an 

40103-2\FSE(;TION.2 septanbcr 29,1992 
e 



EG&G ROCKY FLATS PLANT Manual: 21100-WP-ou12.1 
Fiial RFI/RI Work Plan Section N 2.0, Rev. 0 
Operable Unit 12 pap: 2 s  7 19% 26 of 56 

Effective Date: 
Organization: Remediation Program 

e 
~~ 

unconsolidated deposit composed of poorly sorted, angular to subrounded cobbles, angular 

to rounded coarse gravels, coarse sands, and gravelly clays. Generally, it is coarser grained 

to the west and becomes finer grained toward the east. The colors of the Rocky Flats 

Alluvium matrix range from light brown to dark yellowish orange and grayish orange to dark 

gray. Bedding has been identified only in a gravelly sand in the East Trenches area 

(EG&G, 1991~). 

The amount of caliche [calcium carbonate (CaCO,)] mineralization in the interstices (pore 

spaces) of the alluvium ranges from zero to almost 100 percent. In areas where caliche has 

been defined as "abundant," the amount of caliche in the interstices is greater than 25 

percent over a 1 to 2 ft interval (EG&G, 1991~). It is believed that in OU12, the amount 

of caliche generally increases as the thickness of the Rocky Flats Alluvium decreases. The 
amount of caliche may have hydrogeologic significance and is discussed further in the 

following Section 2.3.2, Hydrology. 

Figure 2-30 indicates that, in the immediate vicinity of OUl2, the alluvial unit ranges in 

thickness from 10 to almost 50 ft, with the greater thickness occurring to the west. The 

alluvial thickness within the OU12 boundary is an average of 20 ft. 

Many areas in OU12 have been disturbed by building and road construction. Consequently, 

much of the Rocky Flats Alluvium on the plant site has been removed and/or reworked 

during plant construction activities. Disturbed ground is generally described as 

unconsolidated clay, silt, sand, gravel, and pebbles. The materials are very poorly sorted 

with fragments of claystone and display no bedding. The color ranges from olive to reddish 

brown to yellowish gray and gray to yellowish orange. Angular to subangular gravels and 

pebbles of granite and quartzite are commonly found in areas of disturbed Rocky Flats 
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Alluvium or disturbed colluvium. Sand, where present, varies from fine-grained to coarse- 

grained and is very poorly sorted. 

There is an area of artificial fill mapped around Building 881, a portion of which has been 
included within OU12. Material excavated for the Building 881 multi-story foundation was 

spread over a large area generally south of the building. The very poorly sorted and 

unconsolidated artificial fill was derived from Rocky Flats Alluvium, colluvium, and 
fragments of claystone and concrete rubble. It is predominantly composed of sandy clay 
with some gravelly zones. Sand and gravel fill material is expected to have been backfilled 

in some of the tank and pipe excavations. The fill is generally brown to gray in color with 
occasional zones of moderate yellowish brown staining. 

The youngest bedrock geologic unit beneath the alluvium in the site area is the Upper 

Cretaceous Arapahoe Formation (Arapahoe Formation). The Arapahoe Formation at RFP 

has recently been interpreted as being 15 to 25 ft in thickness and consisting of claystone 
and silty claystone interbedded with a medium-grained to conglomeratic frosted sandstone 

(EG&G, 1992b). The Arapahoe Formation is underlain by the Cretaceous Laramie 

Formation (Laramie Formation) which contains lithologies very similar to those in the 

Arapahoe Formation making the two formations difficult to differentiate in the field. The 
two formations may attain a thickness of 600-800 ft and dip gently to the east at about one 

to two degrees (EG&G, 1991~). The contact with the overlying surficial deposits generally 

parallels surface topography. 

The Arapahoe and Laramie Formation have been interpreted as fluvial deposits comprised 
of channel-fill, point bar, and over-bank deposits (EG&G, 1991~). Claystones and silty 

claystones represent over-bank deposits, while most of the sandstones represent channel-fill 
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and point bar deposition from a meandering stream system flowing generally west to east. 

Contacts between various lithologies are both gradational and sharp. Weathering is 

observed to penetrate up to approximately 30 to 40 ft into the bedrock on the basis of iron- 

oxide staining. Open and healed fractures have been observed as deep as 220 ft. Healed 

fractures commonly occur in siltstones and very fine-grained sandstones and have less than 

one millimeter of bedding offset. The fractures are generally less than one millimeter wide 

and are cemented with host rock argillaceous cement and matrix material (EG&G, 1991~). 

Several large slump features have recently been discovered during the construction of the 

881 Hillside french drain. 

The Arapahoe and Laramie claystones and silty claystones are massive and blocky, 

containing occasional thin laminae and stringers of sand, silt, and coal. Unweathered 

claystones and silty claystones are light to medium olive gray and occasionally olive black. 

Weathered claystones appear dark yellowish orange and yellowish brown. The color 

difference is the result of iron-oxide staining, which is common at depths from 1 to 20 ft 
below the base of the surficid material. Leaf fossils and black organic matter occur 

throughout the claystones. 

Most of the Arapahoe sandstones are poorly to moderately sorted, subangular to 

subrounded, silty, clayey, quartzitic, and very fine-grained to medium-grained. The 

Arapahoe sandstones are moderately to well-sorted and very-fine-grained to medium-grained 

and, compositionally, have a higher percentage of chert and rock fragments than do the 

underlying Laramie sandstones (EG&G, 1992b). Laramie sandstones also do not exhibit 

the roundness found in Arapahoe sandstones and also have a slightly lower porosity 

(EG&G, 1992b). The contact between the two formations is defined by a lithologically 

distinctive medium-grained to conglomeratic frosted sandstone marker bed at the base of 
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the Arapahoe Formation. Unweathered sandstones of both formations are light gray to 

olive gray, while weathered sandstones appear pale orange, yellowish gray, and dark 

yellowish orange, as the result of iron-oxide staining. Cementation generally increases with 

depth as weathering decreases. Cementing agents in the sandstones are predominantly 

argillic with minor amounts of CaCO, and silica. Trough and planar cross-stratification are 

common sedimentary structures (EG&G, 199 IC). Individual sandstones have lenticular 

geometries and contain thin beds or laminae of silt and clay. The Arapahoe sandstone was 

encountered as the surface bedrock lithology in boreholes 19689 and 13589 in OU12, as 

shown in Figure 2-31. 

The bedrock geology shown in Figure 2-31 illustrates three separate mappable units of the 

Arapahoe formation including sandstone, silty claystone, and claystone. The silty claystones 

and claystones have been mapped separately to illustrate the transitional nature between the 

units. Silty claystone surrounds the two subcrops of sandstone along the southern boundary 

of OU12, and also occurs less extensively along the northern portion of the mapped area. 

Most of the bedrock in the OU12 area is claystone. 

2.3.2 Hvdroloev 

Surface water drainage in OU12 is controlled for the most part by water diversion works 

such as ditches, pavements, gutters, drains, and culverts. Surface water drainage patterns 

throughout RFP were presented in Figures 1-3 and 1-4. The largest of the runoff control 

ditches is the Central Avenue Ditch. This ditch rum eastward along Central Avenue and 

discharges to South Walnut Creek which flows to the northeast, then into the B-series ponds. 

The other major runoff control ditch is the South Interceptor Ditch which prevents runoff 
from the south side of the RFP main production area from entering Woman Creek; the 
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ditch discharges to Pond C-2 (Rockwell, 1988). Pond C-2 waters are directed to the 

Broomfield Diversion Ditch. 

The discharges from the ponds are monitored to document compliance with National 

Pollutant Discharge Elimination System (NPDES) permit requirements. In addition to 

NPDES monitoring requirements, all off-site pond discharges are monitored for 

concentrations of plutonium, americium, uranium, and tritium (Rockwell, 1988). 

Unconfined ground water occurs in OU12 in the Rocky Flats Alluvium, the disturbed 

ground, and artificial fill. Where the Arapahoe sandstone subcrops directly beneath the 

surficial material, it is in hydraulic connection with the Rocky Flats Alluvium. The 

Arapahoe sandstone geometry is lenticular and laterally discontinuous, and the Arapahoe 

sandstone subcrops frequently throughout the RFP area and acts as an unconfined aquifer 

for a substantial portion of its occurrence (EG&G, 1991~). 

Surficial deposits on the RFP site generally are recharged by infiltration of incidental 

precipitation and by seepage from ponds, ditches and creeks, although the situation in OU12 

probably differs from undeveloped areas because of the greater amount of paved and 

covered surfaces. Large water table fluctuations have been observed in response to seasonal 

recharge (Hun, 1976). An investigation of ground water flow mechanisms of an evaporation 

spray field east of RFP in the buffer zone indicated a fluctuation range of eight feet, with 

the low occumng in late March and the high occurring in late June (Koffer, 1989). As a 

result of water table fluctuations, the extent of saturated surficial deposits fluctuates. The 

shallow ground water system discharges in streams, ditches and at seeps along slopes at the 

alluvium/bedrock contact. 
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Generally, unconfined ground water flows along the contact of the surficial material and the 

underlying Arapahoe Formation claystones in a downgradient direction to the east. The 
alluvial aquifer, as well as the bedrock aquifers, exhibit a highly variable range of hydraulic 

conductivity values. As shown in Table 2.3, hydraulic conductivity values reported for the 
Rocky Flats Alluvium range from 1 x lo-* centimeter per second (cm/s) (Hun, 1976) to 4 

x lo-* cm/s (DOE, 1988). This wide range of hydraulic conductivity values for the Rocky 

Flats Alluvium is due to its heterogeneity and vertical and lateral variability. The most 

recent hydrogeologic investigation suggests the hydraulic conductivity of the Rocky Flats 
Alluvium and the Arapahoe sandstone is approximately 6 x lo-’ cm/s whereas the Arapahoe 

Formation claystones have a lower hydraulic conductivity on the order of 1 x cm/s 

(EG&G, 1991~). This effectively constrains much of the flow within the alluvial aquifer to 
the more permeable surficial material. Table 2.3 presents a comparison of hydraulic 
conductivities for RFP area deposits from a variety of sources. 

As previously noted in Section 2.3.1, the amount of caliche mineralization in the Rocky Flats 

Alluvium tends to increase as the thickness of the alluvium decreases. There are some 
areas where the amount of caliche in the interstices of the surficial material approaches 100 

percent. The presence of caliche may prove to be useful in determining localized changes 

in hydraulic conductivities and ground water flow directions. Due to insufficient data on 
caliche in RFP surficial deposits, the extent to which this may be helpful is unknown at 

this time. 

Confined ground water is present in the sandstone units of the Arapahoe Formation 

throughout most of OU12. Ground water recharge to the Arapahoe Formation occurs as 

infiltration of alluvial ground water and as infiltration of precipitation where the bedrock 
outcrops in the western portion of the RFP (EG&G, 1991~). The confining layers are the 
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relatively impermeable claystones and silty claystones of the Arapahoe Formation. Ground 

water in the sandstone of the Arapahoe Formation occurs typically under confined 
conditions throughout most of RFP. Exceptions to this are the local occurrence of ground 

water in subcropping sandstone units directly beneath the surficial material. 

The Laramie sandstones have a hydraulic conductivity of approximately lo4 cm/s (EG&G, 
1991~). An overall downward vertical gradient has been identified but due to lack of data, 
has not been quantified. The existence of a vertical gradient is evidenced in the overall 
decrease in static water levels in monitoring wells with depth (EG&G, 1991~). Generally, 

both confined and unconfined ground water flow is toward the east. Much of the ground 
water within the bedrock aquifer becomes surface water as it leaves the ground water system 

as seeps along slopes and in stream drainages. However, none of these slope or drainage 
areas are present within OU12. 

Industrialization of OU12 has significantly affected the hydrogeology of the site. Heightened 

awareness and understanding of the synthetic conditions will facilitate a more accurate site 

characterization. One pivotal construction effect on the alluvial aquifer is the creation of 

potential preferred migration pathways. These potential preferred migration pathways are 

in filled trenches from buried utilities, such as storm sewers, sanitary sewers, electrical lines, 
building foundations, and footing drains, in addition to both abandoned and active process 
waste pipes and tanks. Footing drains and building sumps are known to exist under 

Buildings 444,883, and 881, as shown in the engineering drawings included in Appendix C. 

Available analytical data collected during site-wide monitoring of these and other footing 

drains and sumps will be obtained during the RFI/RI and evaluated. The extent to which 
these trenches provide preferred migration pathways will be considered when evaluating 

OU12 hydrogeology during the RFI/RI. 

401(13-2\psECl70N.2 scprcmba 29, 1992 



EGBG ROCKY FLATS P M  
Final RFi/RI Work Plan 
Operable Unit 12 

Manual: 21100-w-ou12.1 
0, Rev. 0 Section No * 
33 of 56 

Organization: Remcdiation Program 
Effective Date: v c  

Available information on ground water relative to OU12 comes from investigations of the 

881 Hillside located southeast of OU12, the West Spray Field, and the Solar Ponds. As 
previously mentioned, ground water occurs in both unconfined and confined conditions 

throughout most of OU12. Figure 2-34 presents a water table contour map for OU12 for 
April, 1991, and Figure 2-35 presents a water table contour map for October, 1991. 

Available water quality data are discussed in Section 2.4.2, under Nature of Contamination. 

Based on the water table contour maps of the site area, the unconfined ground water 

generally flows easterly, as well as northeast towards North Walnut Creek and southeast 

towards Woman Creek. The main plant area is on an east-west trending ground water 
divide which lies approximately beneath Central Avenue. Ground water flow appears to be 
topographically controlled, flowing to the east-northeast coincident with the site-wide 
gradient. Ground water also flows to the south following the mesa slope. 

2.4 NATURE OF CONTAMINATION 

This description of the nature of contamination has been derived primarily from the HRR 
(EG&G, 1992b). The historical descriptions of each site have been presented in Section 2.1. 

This section presents the type of contaminants which have been released. In most instances, 
however, descriptions of the nature of contamination associated with OU12 IHSSs are 

limited to historical documentation of the type of materials released to the environment. 

The following sections address the nature of potential contamination at each specific IHSS, 
as well as generally for all of the OU12 site area for ground water, surface water, soils, and 
sediments. 
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2.4.1 OU12 IHSSs 

The nature of contamination at the following individual IHSSs is based on historical 

information presented in the HRR (EG&G, 1992b). 

2.4.1.1 

No documentation was found detailing releases on the west loading dock itself; however, 

there is record of significant oil staining around Building 453 which is located just north of 
the dock and was used to store oil (IHSS 182 in OUlO). There is a possibility that solvents 
were stored at the west loading dock and hydrocarbons may also be present in the soils due 

to leaks and spills (DOE, 1987). A radiometric survey was performed in the vicinity of the 

west loading dock as part of a site-wide survey in April and May 1984. Areas south and 
west of Building 447 and areas north of Building 453 were identified as areas which could 

not be surveyed for plutonium due to high-level background radioactivity. 

West Loading Dock (IHSS 116.1) 

2.4.1.2 

Drums containing perclene (tetrachloroethene) still bottoms and nitric acid were stored on 

the south dock. In October 1955, one 55-gallon drum leaked and sprayed its contents onto 

two workers who were in the areaway adjacent to the dock. No discussion of cleanup in the 

reference pertaining to the perclene drum leak in 1955 has been located; however, the leaks 

were plugged and the drum moved. The contents of the drum were transferred to a 

stainless steel drum and treated with caustic. Removal of soils in this area was being 

considered in 1975, but it is not known if removal was accomplished. 

South Loading Dock (IHSS 116.2) 

Until 1970, chlorinated hydrocarbon solvents used to rinse beryllium parts were typically 

disposed of onto the ground outside Room 106, which opens to the south dock. Analytical 

results of soil samples taken at two to four inches below ground surface revealed 350 to 
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a 
1000 micrograms (pg) of beryllium per gram (g) of soil due to this solvent disposal. Normal 

beryllium concentrations are 0.01 to 2 pg/g of soil (Putzier, 1975). Personnel conducted air 
sampling in the area of solvent disposal dumping from June through September 1977. The 
average concentration of beryllium in air was 0.0009 pg per cubic meter (m’), which was 9 

percent of the EPA standard. Soil removal was not deemed necessary. 

Constituents which may have contaminated surfaces around the south dock include enriched 
and depleted uranium, beryllium, and chlorinated solvents. Direct uranium activity readings 
as high as 7,500 disintegrations per minute (dpm)/100 square centimeters (cm’), and smear 

readings with a maximum of 350 dprn, were detected around the south dock. Following the 
release, the dock and sidewalks were cleaned and the driveway coated. Air count results 

during the vacuum fire extinguishing operations (Section 2.1.2) were as high as 33,000 

percent of the maximum permissible limit (MPL) for airborne radioactivity. Direct counts 

in the dock area were as high as 1,372 dpm. 

2.4.1.3 

The main purpose of the former cooling tower pond was to hold blowdown from the 

Building 444 and Building 447 cooling towers. Recycled water in the cooling tower is 

periodically released (referred to as blowdown) and fresh water added to the tower to 

control levels of total dissolved solids. Blowdown liquid probably contained hexavalent 

chromium since chromium residue was found when the cooling towers were dismantled in 

1975. Cooling tower industry maintenance documentation indicates that lithium chromate 
and lithium dichromate are commonly used in cooling towers as corrosion inhibitors and 

chloride or chlorine containing compounds are used to control biological growth (Marley, 

1990). Industry documentation indicates acids are used to clean scale off the tower, and 

there is no indication organic solvents would be used for cleaning cooling towers. According 

Cooling Tower Pond West of Building 444 (IHSS 136.1) 
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to the HRR, a pond was used in 1956 to catch solutions during a cleaning operation of the 

Building 444 cooling tower; however, it is not known which pond is referred to. Liquids 

were allowed to evaporate and percolate into the soil; the pond was later backfilled. The 

pond may have also been used to dispose of lithium. In addition, small amounts of depleted 

uranium may have been buried at this IHSS according to the HRR. 

2.4.1.4 

The east cooling tower pond was also potentially used to hold blowdown from the 

Building 444 and 4.47 cooling tower. Historical records indicate it was used for only a few 

days by Dowell, then backfilled, although standing water is observed in this location in 
historical photos after Dowell reportedly backfilled the ponds. The pond may have 

contained liquids with lithium chromate, acids, and chloride, and the soils may contain 

lithium and uranium. 

Coo ling Tower Pond East of Building 444 (IHSS 136.2) 

2.4.1.5 

The principal materials that have contributed to contamination in the radioactive area 
around Building 444 are depleted and enriched uranium, beryllium, chlorinated hydrocarbon 

solvents including carbon tetrachloride, and hydraulic oil. There may also be lithium and 

chromium in the sediments due to the presence of cooling tower ponds (IHSS 136). 

Numerous incidents are mentioned in documents found during the HRR search that indicate 

releases to the area. 

Pad i o a a  've Site South Area fIHSS 157.2) 

2.4.1.6 

A sulfuric acid spill in September, 1970 released approximately 1,500 gallons of 94 percent 

sulfuric acid to the 400 Area. Approximately 32,000 pounds of lime was added to neutralize 

the acid. It was common practice at RFP for acid spills to be neutralized with a caustic such 

Sulfuric Acid Soill (IHSS 187) 

4OlU3-2WSECIlON.2 scptanber 29,1992 



21100-wp-ou12.1 EG&G ROCKY FLATS P N  Manual: 
2.0, Rev. 0 Final RFI/RI Work Plan Section No.: 

Operable Unit 12 Page: fxAy 9 ” *ig9j 37of.56 
Effective Datc. &ber2%%%T,c 
Organization: Remediation Program 

~ ~ 

as lime. The CEARP Phase I document (DOE, 1986) considered that this procedure would 

create by-products that were benign and highly mobile and, therefore, no environmental 

hazard should remain. 

Assuming that the acid tank was filled to capacity (3,000 gallons), approximately 200 gallons 

of acid are unaccounted for in the description of the incident. Approximately 1,500 gallons 

are reported to have been released from the leaking flange directly to the ground. An 
additional 1,300 gallons were recovered from the neutralization tank. The remaining 200 
gallons likely leaked from the neutralization tank into the sanitary sewer system. The 
Building 995 sewage treatment plant and its effluent were monitored to assess the impact 
of the 1970 spill. On September 12, the pH of Building 995 influent was as low as 1.8. On 
September 13, the effluent had a pH of 2.2 with a sulfate concentration of 1120 ppm. It is 

probable the sulfuric acid leak into the sanitary sewer system contributed to the acidic 

treatment plant water. Documentation related to the acid spill is in Appendix B. 

2.4.1.7 

No documentation detailing discrete releases or detailed response actions in the 

fiberglassing area was found. Potential residues from spills of polyester resin, peroxide 
catalyst and unspecified cleaning solvents may exist. Higher than background levels of 

gamma radiation and americium were detected by an Aerial Radiological Measurements 
System survey (RFP Photograph 21644-01, 1977). No documentation was found which 

provided an explanation for the origin of the elevated readings. Building 664 is currently 
used for radioactive waste storage, but it is not known whether stored waste was responsible 
for the historically elevated readings. 

Fiberglassine Area North of Building 664 (IHSS 120.1) 
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2.4.1.8 

As with IHSS 120.1, no documented releases are known at this IHSS. A similar history of 
potential residue from spills of polyester resin, peroxide catalyst, and cleaning solvents may 
exist. Unlike IHSS 120.1, this area is paved with asphalt. 

FiberFlassing Area West of Building 664 (IHSS 120.2) 

2.4.1.9 
Small volumes of nitric acid were released to the environment in each of three documented 

occurrences. As identified in the CEARP Phase I (DOE, 1986), the routine response to 
spills was to rinse the acid spill on the ground. In two of the documented releases, the nitric 

acid was neutralized with sodium bicarbonate. Documentation of nitric acid spills are 

included in Appendix B. 

Nitric Acid Tanks (IHSS 189) 

2.4.1.10 Building 881 Conversion Activity Contamination (IHSS 147.2) 

Potential contaminants include beryllium, and enriched or depleted uranium. Based on 

interviews with former RFP employees conducted during the preparation of the HRR and 

on the historical use of Building 881, some of the equipment stored in this IHSS may have 

been contaminated with beryllium, enriched uranium, or depleted uranium. Radioactivity 

levels associated with this stored equipment would not be anticipated to be high with respect 

to background. 

2.4.1.1 1 Under-Building Contamination (UBC-439.444.447.881.883. and 889.400 and 80Q 

The soils beneath OU12 buildings may be contaminated with radionuclides, nitrate, solvents, 

acids, and hydrocarbons. The most likely contaminants in soils beneath any particular 
building can be identified through knowledge of the operations conducted in that building 

and the raw and waste materials associated with those operations. Suspected contamination 

m 
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under a building depends on the overall history of the building, not just the current 

operations. For instance, Building 881 currently houses various technical support, analytical, 

plant support, and administrative functions. However, in the past the building was an 

enriched uranium components production facility, and was later converted to a 
nonradioactive metals fabrication facility. The uranium machine tool storage area, 

historically located where Building 460 now stands, may require that a UBC for Building 460 

be added. 

A number of RCRA Contingency Plan Implementation Reports have been made in response 

to releases inside buildings that could contribute to under building contamination. These 

reports are numbered in a manner that gives the year and a sequential number for the 

RCRA Contingency Plan Implementation Reports of that year. The RCRA Contingency 

Plan Implementation Reports addressing indoor building events applicable to OU 12 are: 

89-001, 89-010, 89-013, 89-014, 89-017, 89-018. These are contained in Appendix B. 

Inside building events have largely been cleaned-up or otherwise addressed without 

noticeable impacts on the outdoor environment. However, due to the long time frame, 

history of operations, and difficulty in detecting soil contamination beneath buildings, the 

soils beneath the identified OU12 UBCs should be considered in the field investigations. 

2.4.2 

The nature of contamination in the OU12 area is based on a limited amount of soil, ground 

water, and surface water data from several sources. This information and a comparison of 

the data to background data is discussed in the following sections. 

ODerable Unit 12 Site Area 
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2.4.2.1 Discussion of ExistinP Data 

Existing soil boring, ground water, and surface water analytical data from locations in or 

adjacent to OU12 have been summarized on Tables 2-4 through 2-9. Analytical data 
including metals, radionuclides, volatile organic compounds, and major ions, were evaluated 

and significant constituents are presented on the tables. Most of the analytical data were 

properly validated. The selection of the constituents was based on past IHSS history and 
the requirements of the IAG for field sampling. The complete listing of the data set used 
to develop these tables is presented in Appendix A. Each of the environmental media is 
discussed below. 

SQd 
Based on the IAG requirements and past OU12 history, three metals of potential concern 
in shallow soil were researched: beryllium, chromium, and lithium. A summary of the 

concentrations of these select metals in shallow soils (0 to 7 ft) from 15 existing soil borings 
within or adjacent to OU12 is presented on Table 2.4. A graphical representation of the 

data from soil samples collected from zero to three feet in depth is shown on Figure 2-37. 

Concentrations of beryllium ranged from less than 0.15 to 2.0 milligrams per kilogram 

(mg/kg) in shallow OU12 soils. Chromium concentrations ranged from 5.5 mg/kg to 
34 mg/kg. The results of the analysis for lithium indicate that lithium is present at or below 

detection limits of approximately 20 mg/kg at most locations. Lithium was reliably detected 
only at location number 17989 at a concentration of 14 mg/kg. 

Beryllium, chromium, and lithium results for soils sampled below 7 ft were similar to those 

for the shallower soils. In general, at the majority of locations, similar or slightly higher 
concentrations were observed in soils at depths greater than 3 ft. 
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Existing analytical data for selected radionuclides in soil samples from 11 borings at depths 

of 0 to 7 f t  are presented on Table 2.5. Gross alpha, gross beta, plutonium-239/240, 
uranium-233/234, uranium-238, and tritium results have been included. In general, the 

highest radionuclide concentrations were detected in the 0- to 3-ft depth, surface samples. 

The shallow soil data are graphically presented on Figure 2-38. Radionuclide concentrations 

in soil samples collected at depths greater than 7 ft were similar to concentrations detected 

in the 3 to 7 ft samples. 

Volatile organic compounds were detected in soil samples from 11 borings within and near 

OU12 at depths of 0 to 6 ft. A summary of these volatile organic detections is presented 
on Table 2.6 and is shown on Figure 2-36. Acetone and methylene chloride were detected 
in almost every soil boring. However, these compounds were also frequently detected in the 

associated blank samples, suggesting laboratory contamination. 1,1,l-Trichloroethane (TCA) 

was detected in 13489 at 11 micrograms per kilogram (pg/kg). Tetrachloroethene and 
trichloroethene (TCE) were detected in soil samples from 0187 at greater than 100 pg/kg. 
Bis (2-ethylhexyl) phthalate (a common laboratory contaminant) was also detected in 

shallow soils from this location. Other volatile organic constituents detected in only a few 
of the soil borings included carbon disulfide, 2-butanone, benzene, ethylbenzene, and 

toluene. 

Volatile organic compound results for soils at depths greater than 6 ft are similar to those 

for the shallower soils. Acetone and methylene chloride were detected frequently; however, 

these compounds were also detected in the blank samples. TCA was only detected in soil 
from location 13489. Other volatile organic compounds were only detected in a few of the 

samples at low concentrations of typically less than 30 pg/kg. 
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The existing database for soils within and near OU12 is not sufficient to adequately 
determine the nature and extent of radionuclides, metals or volatile organic constituents. 

Additional soil analysis will be conducted in the RFI/RI, and a detailed evaluation of all 

data will be made following the sampling effort. 

Ground Water 

Alluvial ground water quality data were only available for two monitoring wells in the 
vicinity of OU12. Several wells shown in Figure 2-29 actually function as piezometers and 
are used for water level information only. Because OU12 is located in the industrial area 

at the RFP which is primarily paved with asphalt or concrete, infiltration into the shallow 

soils is prevented. As a result, most of the monitoring wells in OU12 are dry. Monitoring 
well 17989 is located east of OU12, while monitoring well 0187 is located immediately south 

of the OU12 boundary in OU1. These two wells have been sampled one or more times and 

analyzed for a range of parameters. Analytical results for selected metals, radionuclides, 
volatile organic compounds (0187 only), and major ions from these wells are presented in 
Tables 2.7 and 2.8. Volatile organic compounds were not reliably detected in well 17989. 

These results are discussed in the following paragraphs. 

Concentrations of radionuclides in the single August 1990 sampling event from monitoring 
well 17989 were elevated, while those observed in samples from monitoring well 0187 were 

not. However, radionuclide levels in monitoring well 17989 cannot be directly attributed to 

activities associated with OU12 IHSSs. Concentrations of the selected metals were elevated 
in ground water from both monitoring wells. Volatile organic constituents detected in 

ground water samples from monitoring well 0187 consisted of trace concentrations of TCA 
and TCE which were detected during a few of the sampling events. However, in the most 
recent December 1991 sampling event, TCA and TCE were not detected. 
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Analytical data for several major ions are also presented in Tables 2.7 and 2.8. Bicarbonate, 

chloride, and sulfate concentrations were elevated in both monitoring well 17989 and 0187. 

Fluoride and nitrate/nitrite concentrations were elevated in well 17989 but not in well 0187. 

Elevated concentrations of these major ions, as well as radionuclides, in well 17989 are 

consistent with the release of process wastes liquids in the area. Total dissolved solids 

concentrations in 0187 were greater than 500 mg/l and in 17989 were greater than 

1,OOO mg/l. 

Water quality data are available for other areas of the RFP, as part of the site-wide RCRA 
ground water monitoring program (EG&G, 19929. The nearest upgradient and 

downgradient monitoring wells to OU12 were located at the West Spray Field (OU11) and 
the Solar Ponds (OU4), respectively. Wells B410689, B410789, and B110889, installed to 
monitor ground water at the West Spray Field, were selected as the nearest water quality 

monitoring wells upgradient of OU12. Wells P207489 and 2486, installed in the vicinity of 

the Solar Ponds, were selected as the nearest water quality monitoring points downgradient 

of OU12. Because of the distance between these wells and OU12, as interpreted by the 

maps included in Appendix F, they may not be representative of actual water quality 

conditions immediately upgradient and downgradient of OU12. Several other OUs lying 

within the upgradient and downgradient well may also be contributing to variations in the 

ground water quality. The analytical results for these selected wells are presented in tabular 

form in Appendix F. The results are discussed below. 

Volatile organic compounds have been detected at low levels in Wells B410689 and 
B 1 10889, including trichloroethene, 4-methyl-2-pentanone, carbon disulfide, acetone, and 

methylene chloride. According to EG&G (19920, statistical analysis of wells across the 

West Spray Field shows no significant increases in volatile organic concentration due to 
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spray field activities. Detections of U-233/234 and U-238 in wells B410789 and B110889 
indicate an impact to water quality at the spray field. Metals were detected at levels 

consistent with background ranges (EG&G, 19929. Water quality parameters have also 

been monitored and data are included in Appendix F. These results may be indicative of 
upgradient water quality conditions, west of OU12. 

Downgradient of OU12, volatile organic compounds were detected at very low levels in well 

P207489. No volatiles were detected in well 2486. Radionuclides, including U-233/234, 

U-238, tritium, and gross beta activity, were detected in well €907489. Water quality 

parameters including chloride, fluoride, nitratelnitrite, sulfate, bicarbonate, and total 

dissolved solid were elevated above the same values in the upgradient wells. 

Calcium, magnesium and strontium also appear to be elevated above the upgradient values. 

These water quality data may in part reflect ground water conditions downgradient of OU12, 

but may be more representative of the activities related to the Solar Ponds. 

The existing ground water analytical database for the IHSSs within OU12 is not adequate 

to determine the nature and extent of ground water contamination in OU12. IHSS-specific 

ground water data will be collected in this FSP, with provisions for installation of additional 

monitoring wells, after soil data evaluation. 

Surface Water 

Analytical data from only one surface water sampling location, SW125, was available. This 

location is indicated on Figure 2-29. The analytical results for selected radionuclides, 

metals, and ions are summarized on Table 2.9. Concentrations of radionuclides, metals, and 

ions were relatively low and consistent with those detected at other surface water monitoring 
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stations at RFP. Provisions for collecting surface water samples are included in the FSP 
after evaluation of results from sediment and soil sampling activities. 

2.4.2.2 Site Backmound C omparison 

Shallow soil and ground water analytical data from several borings and two monitoring wells 

within or adjacent to OU12 were compared to site-wide background chemical data presented 

in the Background Geochemical Characterization Report (EG&G, 1990a). Data presented 

in the background report are currently being revised. The following discussion is based on 

the 1990 version and may change as a result of EPA comments and concerns. Background 

data on radionuclides, metals, major anions, and indicator parameters were obtained from 

samples collected at stations located in buffer zone areas west, north, and south of the main 

plant. 

- The background data for alluvial soil and ground water samples are compared in the 

following discussions to analytical results for select compounds in soil and ground water 

presented in Tables 2.4 through 2.8. Comparisons were made to tolerance limits used to 

characterize background concentrations, which were presented in the background 

geochemical report where sufficient data permitted calculation of these limits (EG&G, 

199Oa). The three metals and six radionuclides of potential concern identified based on past 

history of the facility and the requirements of the LAG are: 

Metals: beryllium, chromium, and lithium; and 

Radionuclides: gross alpha, gross beta, plutonium-239/240, uran.ium-233/234, 
uranium-238, and tritium. 
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Concentrations of the three select metals in soils within and near OU12 were typically less 

than upper tolerance limits or maximum concentrations in background soils. Beryllium 
concentrations, which ranged from less than 0.15 to 2.0 mg/kg, in soils within and near 

OU12 were less than half of the upper tolerance level of 4.7 mg/kg calculated from 
background soil samples. 

Chromium was detected in all but two samples within and near OU12 at concentrations less 
than the upper tolerance limit of 20 mg/kg calculated for the background soil samples. The 

two exceptions of 27 and 34 mg/kg were detected at locations 13489 and 14289, respectively. 

The only reliable lithium detection of 14 mg/kg at location 17989 was above the upper 
tolerance limit of 8.1 mg/kg calculated from background samples south of RFP; however 

it was below the minimum concentration of 16 mg/kg observed in background sampies 

collected north of the RFP. 

Gross alpha concentrations in soils within and near OU12 were less than the upper 

tolerance limit of 38 pCi/g calculated for gross alpha concentrations detected in background 

soils. Gross beta concentrations in OU12 soils and in soils nearby were within the range of 
background concentrations of 3 to 42 pCi/g. Three detections were above, but close to, the 

upper tolerance limit of 37 pCi/g. The highest plutonium-239/240 concentration detected 

in soils within and near OU12 was 15.86 pCi/g. A background concentration for plutonium- 

239 is available but not applicable for a comparison because it is only for one isotope. 

Concentrations of uran.ium-233/234 and uranium-238 were typically greater than upper 

tolerance limits of 0.66 and 0.68 pCi/g calculated for each of these compounds, respectively, 

from concentrations in background soils. However, the concentrations of uranium-233/234 

and uranium-238 in soils within and near OU12 were within the range of concentrations 

observed in background soils. The majority of tritium concentrations for soils within and 
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near OU12 were less than the calculated upper tolerance limit of 410 pCi/g and were within 

the range of tritium concentrations detected in background soils. Exceptions were in soils 

at 13689 and 14689 located in the northeast portion of OU12 and north of OU12, 

respectively. 

Ground Water 
As stated in the previous section, alluvial ground water data near OU12 were limited to two 

monitoring wells, one east and one south of the OU12 boundary (Table 2.7 and 2.8). Metals 
concentrations in ground water samples from these wells were generally greater than 

calculated upper tolerance limits and maximum concentrations detected in alluvial ground 
water samples from background locations (EG&G, 199Oa). Exceptions include mercury 

which was not detected in background samples above a detection limit of 0.0oO2 mg/l and 

was only detected during one sampling event in well 0187 at 0.00028 mg/l. Selenium and 

strontium were also detected at low concentrations in well 0187 close to or below, 
respectively, the detection limits of 0.05 and 1.0 mg/l, used for the background samples. 

Zinc was detected in ground water from well 0187 at concentrations within the range of 

observed background concentrations from the alluvial ground water samples. 

a 

The radionuclides, gross alpha, gross beta, uranium-233/234, uranium-235/236, and 

uranium-238 were detected in wells 0187 and 17989 at concentrations greater than the 

calculated upper tolerance limit or the maximum concentration detected in background 

water samples. The other select radionuclides analyzed in ground water from well 0187 
were detected within or below concentration ranges observed in background alluvial ground 

water samples. 
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The major ions bicarbonate, chloride, nitrate/nitrite, and sulfate were analyzed in' both 
ground water from wells 0187 and 17989 and in background well locations. Concentrations 
of these ions in well 17989 and in well 0187, with the exception of nitrate/nitrite, were 

greater than the upper tolerance limit calculated from the background ground water 
samples. Nitrate/nitrite concentrations in well 0187 were below this limit and also were 
within the range of concentrations detected in the background samples. Total dissolved 
solids (TDS) concentrations in 17989 were greater than those observed in background 
samples. TDS concentrations in 0187 were within the range of background TDS 
concentrations. 

2.5 SITE CONCEPTUAL MODEL 

On the basis of the known site physical conditions and the potential contamination sources 
described in the preceding sections, a conceptual model of exposure pathways for OU12 has - 

been developed for use in the evaluation of the potential risks presented to human health 

and the environment. 

a 

The primary purpose of a conceptual model is to aid in identifying exposure pathways by 
which human and biotic receptors may be exposed to site contaminants. The EPA defines 

an exposure pathway as "...a unique mechanism by which a population may be exposed to 
chemicals at or originating from the site ..." (EPA, 1989b). As shown in Table 2.10, an 

exposure pathway includes a contaminant source, a release mechanism, a transport medium 

or migration pathway, an exposure route, and a receptor. An exposure pathway is not 
complete unless all of these elements are present. Each individual element is described in 
more detail in the individual sections referenced below: 
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Contaminant Source (Section 2.5.1) - For the OU12 conceptual model, the 
contaminant sources are the media potentially impacted by historical releases of 
chemicals from each IHSS. These are secondary source media and may include 
soil, sediment, vadose water, and ground water throughout OU12. 

Release Mechanism (Section 2.5.2) - A release mechanism is a physical and/or 
chemical process by which contaminants are released from the source. The 
conceptual model for OU12 identifies historical mechanisms which released 
contaminants directly from historical sources at the time of the actual spills or 
releases; and primary release mechanisms which release contaminants directly from 
the current contamination (or secondary) sources. Secondary mechanisms which 
release contaminants from one transport media to another are also identified. 
Primary release mechanisms for OU12 may include wind erosion, volatile 
emissions, infiltration, dissolution, leaching, tracking, bioaccumulation/ 
bioconcentration, and storm water runoff. Secondary mechanisms may include 
percolation, recharge, discharge, seepage, pumpage, irrigation volatilization, and 
dry deposition. 

Transport Medium (Section 2.5.3) - A transport medium is the environmental 
medium into which contaminants are released from the source, and from which 
contaminants are in turn released via an exposure route. Potential transport media 
for OU12 include flora, fauna, vadose water, ground water, surface water, and air. 

Exposure Route (Section 2.5.4) - Exposure routes are avenues through which 
contaminants are physiologically incorporated by a receptor. Exposure routes for 
receptors at OU12 include ingestion, direct dermal contact, and inhalation. 

Receptor (Section 2.5.5) - Receptors are human or environmental populations that 
are exposed to the contamination released from a site. Environmental receptors 
include biota (both flora and fauna) that may be indigenous to the primarily 
industrial OU12 area. 

The conceptual model shown in Figure 2-39 provides a contaminant source characterization 

and an overview of all the potential exposure pathways that may exist at OU12. The 
pathways are shown pictorially in Figure 2-40. Some pathways have a higher potential for 
occurrence than others; more likely exposure pathways are identified in Table 2-10 and 
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discussed by evaluating the fate and mobility of the source contaminants in the various 

transport media. For the OU12 area, many IHSSs have been isolated from transport media 

by concrete or asphalt pavement, which may effectively eliminate any exposure to 
re-suspended dust or volatile organic compounds. In areas where infiltration is possible, 

sparingly soluble compounds, such as plutonium and trivalent chromium [Cr (m)], will 
remain bound to soils, rather than being mobilized by infiltration and transported in ground 

water. Similarly, some ground water originating in the OU12 area may be intercepted by 
the Building 881 Hillside French drain, which is currently under construction, or the 

interceptor trenches at the Solar Ponds (OU4)’. 

2.5.1 Contaminant Source 

As shown in Figure 2-39, the primary sources of contamination at OU12 are considered to 

be the potential or documented releases that occurred at an IHSS. For the purpose of the 

conceptual site model for OU12, the 10 IHSSs are considered one historical source because 

of their proximity and overlapping boundaries, the similar nature and small size of many of 
the reported releases, and the surficial or shallow nature of the impacts. The potential 

impacted media include air, surface water, sediment, ground water, and soil. Since the 

historical release events, contaminants released to air and surface water have dissipated. 

Soil and sediment are, therefore, considered the current, or secondary, contaminant sources 

in the OU12 model. The following sections describe the characteristics of the historical and 

current contaminant sources. 

251.1 Historical Source Characterization 

The 10 MSSs that comprise OU12 have been described in detail in Section 2.1, To 
summarize the discussion presented in that section, the 10 MSSs include: 
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Loading docks at Buildings 447 and 444 (IHSSs 116.1 and 116.2) where solvents 
and uranium wastes were stored; 

Fiberglass application areas in the vicinity of Building 664 (MSSs 120.1 and 120.2); 

A storage area related to the conversion of Building 881 from enriched uranium 
components production to a non-radioactive metals fabrication facility 
(IHSS 147.2); 

General soils contamination in the 400 area, referred to as the Radioactive Site 
South Area (IHSS 157.2); 

A sulfuric acid spill adjacent to Building 443 (MSS 187); 

The area adjacent to two nitric acid storage tanks (IHSS 189), east of Building 444, 
where nitric acid spills have been documented; and 

Cooling water ponds located in the vicinity of Building 444 (IHSSs 136.1 and 136.2) 
which contained cooling tower blowdown from Buildings 444 and 447. 

Each of these sites has been identified because of documented or suspected spills or leaks 

of contaminants during storage or during normal operations. In each documented case, the 

spills or leaks were generally limited in extent. The documented or suspected releases 

occurred over an approximate 40 year period, and may have potentially impacted soils, 

sediments and ground water remaining within the OU12 area. Most of the spills or leaks 

are thought to have impacted sediments and surface and shallow soils. The cooling water 

ponds have impacted shallow subsurface soils. Although surface water and air were also 

potentially impacted by historical releases, they are not considered as current sources, but 
instead as transport media and migration pathways. 
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2.5.1.2 Current Contaminant Source Characteristics . 

The historical releases described above have impacted soils and sediments within OUl2. 
As shown in Figure 2-39, these media are considered the current contaminant sources. The 

physical and chemical characteristics of the contamination in these media have been 

discussed in detail in Section 2.4. The contaminants comprise five general types: radioactive 

materials, including depleted uranium and plutonium; chlorinated organic solvents used for 

cleaning parts and components; metals, including lithium, beryllium, and chromium; acid 
and/or neutralized acid byproducts; and chemicals such as polyester resin related to 
fiberglassing operations. The behavior of these contaminant types is described below. No 
analytical results are available specifically for the OU12 MSSs because no previous 

sampling has been conducted. Section 6.3 provides the media sampling and analysis 

rationale for the OU12 Field Sampling Plan. e 
Radionuclides present in the OU12 area include both naturally occurring and man-made 

isotopes. These' elements may be of concern due to both their radioactivity and chemical 
toxicity. The uranium isotopes occur naturally in soils and sediments, and exist in 
economically recoverable quantities near the Rocky Flats Plant. Their mobility is variable 

and is based primarily on environmental oxidation-reduction and pH conditions. 

The valence states of uranium, Uov> and U(VI), are stable under naturally occurring 
environmental conditions. The U(IV) valence state is relatively insoluble under slightly 

acidic to basic pH, and is stable under reducing conditions. The U(VI) valence state 

predominates under oxidizing conditions and is relatively soluble. Uranium released in its 

elemental form or as U(W) oxides will be associated with soils or sediments and transported 

as particulates. Oxidation of U(IV) over time may result in conversion to the soluble U(W) 
and subsequent mobilization and transport in surface and ground water. 
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Plutonium is a transuranic actinide element, and does not occur naturally in the 

environment. Sensitive analytical techniques allow measurement of background 
concentrations of these elements which are the result of atmospheric testing of nuclear 

weapons. Plutonium forms insoluble hydroxide and oxide solids under neutral to basic pH 
conditions, limiting its mobility in the subsurface. Similar to the transition metals, however, 

plutonium may be transported in association with particulates in surface water or air, or 
possibly as colloids in ground' water. 

The chlorinated organic solvents are generally characterized by relatively high solubility and 

volatility, and relatively low affinity for solids. Therefore, these chlorinated solvents are 

generally readily mobilized from shallow soil by volatilization and infiltration. In cases 

where soils contain significant levels of organic carbon, or are high in clay, chlorinated 
compounds can be sorbed to these soils. If dissolved in surface water or ground water, these 

compounds are readily transported. In surface water systems, these solvents are volatilized 

to the atmosphere where they are photo-oxidized. Although the volatilization process is 
relatively rapid, potential transport distances may still be significant in most streams. 

Lithium is an alkali metal which occurs naturally in the environment. Soil particles exhibit 

a lesser affinity for lithium than for other common alkali or alkaline earth elements. Once 
released in surface or ground water, lithium tends to remain in solution and be transported 

in the dissolved phase. 
4 

Beryllium is an alkaline earth element which occurs naturally in the environment. Beryllium 
oxide and hydroxide compounds have very low solubilities and dissolved ions are strongly 

adsorbed by mineral surfaces. In natural environments, beryllium will be transported as 

particulate matter in wind or surface water runoff rather than in the dissolved phase. 
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Chromium (Cr) has two stable valence states in natural systems: Cr(II1) and Cr(VI). 

Behavior of this transition element is strongly influenced by valence state, which in turn is 
a function of oxidation reduction and pH conditions. Under strongly oxidizing, moderate 
to low pH conditions, Cr(VI) will predominate. Cr(VI) is highly soluble, ahd displays only 

a weak affinity for solid surfaces. As a result, Cr(VI) is preferentially transported in surface 

and ground water. Under moderately oxidizing to reducing conditions, relatively insoluble 

Cr(III) will predominate. Cr(III) displays a strong attraction for soil and sediment, and is 
transported as suspended particulates in surface water and air. Under conditions common 

in most soils, Cr(M) is readily transformed to Cr(II1). 

Sulfuric and nitric acids will tend to be neutralized by carbonate and aluminosilicate 

minerals present in soil and sediment. The resulting neutralized solutions will contain 

dissolved sulfate and nitrate, respectively, as anionic species. Sulfate and nitrate are both 
highly soluble, and are readily leached from soils and transported in surface and ground 

water. 

No information was found during preparation of this work plan to describe the behavior of 
unsaturated polyester resins such as those used in fiberglassing operations. However, their 

high molecular weight and resistance to water suggests :hat these compounds would be 
relatively strongly adsorbed and bound to soil and sediment. 

2.5.2 Release Mechanisms and Transport Media 

The historical release mechanisms identified in the OU12 site conceptual model include 

spills and releases from stored drums, tanks, work areas, stored machinery, and ponds. 
These releases potentially impacted soils and sediment in the vicinity of each IHSS, with the 

contaminants described in the preceding section. These impacted media are considered the 
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current contaminant source, since the original sources of spills or releases at most IHSSs are 

no longer present. The primary release mechanisms from the current source materials to 

the transport media, and the potential secondary release mechanisms from the transport 
media are discussed in the following sections. 

2.5.2.1 Primarv Release Mechanisms 
Based on the contaminant source characteristics and the fate and transport process discussed 
above, primary release mechanisms for OU12 have been identified. These include: wind 

erosion of contaminated soil into the air as fugitive dust; vapor emissions of volatile organic 

compounds from soils and sediment; suspension and transport of contaminated soil and 

sediment via surface water runoff; tracking of contaminated soil; leaching of contaminants 
by inf'iltrating precipitation; and transport downward into ground water and bioaccumulation 

of contaminants in flora and fauna. However, over much of the OU12 area, surface soil 

contamination has been isolated by concrete or asphalt pavement. In these paved areas, the 

primary release mechanisms are severely constrained or inactive. 

25.2.2 Secondarv Release Mechanisms 

After the contaminants become entrained in the transport media, the potential exists for 
interaction between the individual transport media. In the OU12 conceptual model, these 

secondary release mechanisms include percolation of vadose water and recharge of ground 

water; discharge and seepage of ground water; recharge of ground water by surface water, 

pumpage of ground water; volatilization from surface water; and deposition of dust horn the 
air. 
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2.53 Emosure Routes and Recentors 

As illustrated in Figures 2-39 and 2-40, contaminants released from OU12 can affect 

potential receptors through inhalation of airborne particles or vapors, and through ingestion 

of or dermal contact with contaminated source or transport media. 

2.5.4 Emosure Pathway Summary 
The primary goal of the OU12 RFI/RI is to gather data to define the nature and extent of 
contamination which supports a Baseline Risk Assessment. The Baseline Ris& Assessment 

evaluates the potential risks of OU12 contamination to human health and the environment. 

The OU12 site conceptual model developed in the preceding sections identifies potential 

completed exposure pathways resulting from OU12 releases. Data necessary to evaluate 
each of these pathways will be collected during the OU12 RFI/RI as listed below 

t 

0 
Soils/Sediment 3 Ingestion, Inhalation, or Direct Contact; 

Wind-Blown Dust/Volatile Emissions + Inhalation; 

Surface Runoff/Surface Water/Sediments; 

Infiltration/Percolation/Ground Water + Ingestion or Direct Contact; and 

Bioaccumulation/Bioconcentration + Ingestion or Direct Contact. 
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TABLE 2.1 

OU12 LAG AND HRR IHSS COMPARISON 

IAG 
IHSS IAG IHSS Title 

Number 

400 Area 

116.1 Multiple Solvent 
Spills at West 
Loading Dock 

116.2 

136.1 

136.2 

136.3 

Multiple Solvent 
Spills at South 
Loading Dock 

Cooling Tower 
Pond Northeast of 
Building 460 

Cooling Tower 
Pond South of 
Building 460 

Cooling Tower 
Pond West of 
Building 460 

157.2 Radioactive Site 
South h a  

187 Acid Leaks(2) 

HRR 
IHSS HRR IHSS Title 

Number 

116.1 

116.2 

- 

136.2 

136.1 

157.2 

187 

West Loading 
Dock - Building 
447 

South Loading 
Dock - Building 
444 

Cooling Tower 
Pond East of 
Building 444 

Cooling Tower 
Pond West of 
Building 444 

Radioactive Site 
South Area 

Sulfuric Acid Spill 

Discrepancies 
IHSS 

Investigated 
in OU12 

HRR IHSS 116.1 is in the same location 
as IAG IHSS 116.1, but orientation is 
changed to extend further west based on 
low-level oblique photographs. 

HRR IHSS 116.2 is in a different location 
than IAG IHSS 116.2. The South 
Loading Dock is located east of the 
Building 444 plenum based on low-level 
oblique photographs, not west of the 
building plenum as indicated in the IAG. 

No documentation was found during 
HRR research to support the IAG pond 
location. 

HRR IHSS 136.2 is in a different location 
and is larger than IAG IHSS 136.2. 
Documentation found during HRR 
supports pond location east of 
Building 444. No cooling tower ponds arc 
located in the IAG that are south of 
Building 460, as the title infers. 

HRR IHSS 136.1 is in the same general 
location as IAG IHSS 136.3. Pond north 
and west of Building 444 seen in 196.5 
aerial photographs. Corresponds to 
mapped location of IAG IHSS 136.3, but 
does not match title of IAG IHSS 136.3. 

HRR 157.2 boundary extended west, 
south, and east to include activities in this 
area not identified in IAG. 

Location of IHSS 187 not provided in 
IAG. 

HRR IHSS 
116.1 

HRR IHSS 
116.2 

No 
investigation 

HRR IHSS 
136.2 

HRR IHSS 
136.l/aka 
IAG IHSS 

136.3 

HRR IHSS 
157.2 

HRR IHSS 
187 
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TABLE 2.1 

OU12 IAG AND HRR IHSS COMPARISON 

IAG 
IHSS LAG IHSS Title 

Number 

600 Area 

120.1 Building 664 
Fiberglassing Area 

120.2 Building 664 
Fiberglassing Area 

189 Multiple Acid Spills 

700 Area 

147.1 Process Waste Line 
Leak M a a s h  

800 Area 

147.2 Pmess Waste Line 
Leak OwenArea 

HRR 
IHSS HRR IHSS Title 

Number 

120.1 

120.2 

189 

147.1 

147.2 

Rbefglassing Area 
North of Building 
664 

Fiberglassing Area 
West of Building 
664 

Nitric Acid Tanks 

Process Waste Line 
Lcaks 

Building 881 
Conversion Activity 
Contamination 

Discrepancies 
IHSS 

Investigated 
in OU12 

No discrepancies. 

No discrepancies. 

Location of IHSS 189 not provided in 
LAG. Location was defined only as north 
and west of Building 881. 

IHSS 147.1 location is the same in both 
the JAG and HRR. IHSS 147.1 will be 
investigated in OU9. 

HRR IHSS 147.2 located north and east 
of IAG 147.2 location. History of site 
provided in HRR and eluded to in IAG 
does not address a process mste line 
leak, but a storage area for equipment 
during conversion of Building 881 from 
beryllium and uranium manufacturing to 
noniddioactive uses. 

LAG IHSS 
120.1 

IAG IHSS 
120.2 

HRR IHSS 
189 

Not 
Investigated 

in ou12 

HRR IHSS 
147.2 

40lD-l\FMBLezl September 29.1992 



0 e 
4 

Q 



B .E 
! 

.- 

P .- 
Y 



EG&G ROCKY FLATS PLANT 
Final RFI/RI Work Plan 
Operable Unit 12 

Manual: 21100-WP-ou12.1 
2.0, Rev. 0 2 I 4994 1 o f 2  

Section No.: 
Page: 
Effective Date: 
Organization: Remediation Program 

TABLE 2.3 
COMPARISON OF HYDRAULIC PROPERTIES 

Source 

Ground Water Assessment Plan 
Addendum - Draft 

EG&G, 1990 

Hydrogeological Characterization 
of the Rocky Flats Plant 

Hydro-Search, 1985 

Section E Ground Water 
Protection 

Rockwell International, 1986 

Draft Final Ground Water 
Protection 

and Monitoring Plan 

EG&G, 1991 

RCRA Part B Permit 
Application 

DOE, 1987 

Formation 

Valley Fill 

Alluvium 

Bedrock 

Alluvium 

Arapahoe Sandstone' 

Arapahoe Claystone" 

Rocky Flats Alluvium 

Walnut Creek Alluvium 

Woman Creek Alluvium 

Arapahoe Sandstone" 

Weathered Arapahoe Claystone" 

Unweathered Arapahoe 
Claystone' 

Qal (Valley Fill) 

Rocky Flats Alluvium 
Arapahoe Sandstone No. 1 

Arapahoe Sandstones Nos. 3, 4, 5" 

Basal Arapahoe Sandstone" 

Arapahoe Claystone' 
(Weathered & Unweathered) 
- 

Rocky Flats Alluvium 

Valley Fill 

Arapahoe Formation' 

Hydraulic 
Conductivity (cm/s) 

9 10-5 

5.3 x io4 - 2.1 10-5. 

5.4 x 10 '~  - '4 io-8 

1 x io-3b 

4 x 10-5 

3 x 10-7 

7 x lo-" 
3 10-5 

3 10-3 

5 x 10-7 

1 x 10-7 

2 x lod 

2 x lo4 

6 x lo-'' 

lod 
lod 
10-7 - io-* 

7 10-5c 

3 x 10-3 

2 104 - 1 10-7 

40103-1\FTABLE.2-3 September 29, 1992 



EG&G ROCKY FLATS PLANT 

Formation 

Rocky Flats Alluvium 

Arapahoe Formation" 

Rocky Flats Alluvium 

Valley Fill 

Arapahoe Formation" 

Valley Fill 

Final RFI/RI Work Plan 
Operable Unit 12 a 

Hydraulic 
Conductivity (cm/s) 

1 x lo-2d 

NA 

1 x lo4 

9 x lod - 4 x 

5 x lod 

NA 

21 loo-WP-OU 12.1 Manual: 
Section No.: 
Page: 
Effective Date: 
Organization: Remediation Program 

TABLE 2.3 
COMPARISON OF HYDRAULIC PROPERTIES 

I Source 

Hydrology of a Nuclear- 
Processing Plant Site 

Hun, 1976 

RCRA Post-Closure Care 
Permit Application 

DOE, 1988 

Source: Draft Final Rocky Flats Plant Geologic Characterization Report (EG&G, 1991~) 

* Averages of measurements in wells at three RFP RCRA-regulated units (West Spray Field, Solar Evaporation Ponds, 
and Present Landfill) 

Estimate based on drawdown-recovery tests on three RFP wells and on observed physical properties of Rocky Flats 
AUUViUm 

b 

Average of measurements from monitoring wells at various locations Within RFP 

Estimate, apparently based on physical properties of Rocky Flats Alluvium and infiltration rate calculated from one 
or more RFP monitoring we& 

d 

" Arapahoe sandstones 2 through 5 and interbedded claystones are considered part of the Laramie Formation based on 
the Phase I1 Geologic Characterization, Data Acquisition. 

40103-1\FTABLE.2-3 September 29, 1992 
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TABLE 2.4 
CONCENTR4TIONS OF SELECT METALS (mg/kg) 

IN SHALLOW SOILS (0 to 7 feet) _. 

Lacation Depth Beryllium Chromium Lithium 
12489 0-3 < 1.1 11.6 <21.2 

13489 0-3 < 0.41 123 
3-7 < 0.42 27.4 

l3.m 
5.1B 

13589 0-3 < 1.0 13.6 < m.4 
4-8 < 0.98 5 5  c 19.7 

13689 0-3 < 1.1 
3-7 1.1 

14089 0-3 r; 1.2 
3-7 1.6 

9.8 < 22.4 
17.1 < 22.9 

10.8 e232 
11.6 < 23.6 

14289 0-3 ~ 0 . 4 3  153 9.9B 
3-7 1.6 33.7 <22.6B 

14689 0-3 <0.86 
3-6 c 1.1 

8.4 < 173 
5.7 42.2 

14789 0-3 < 0.85 12.6 c 16.9 
3-7 1.2 U.0 < 18.7 

14889 0-3 1.2 11.7 < 22.6 
3-6 c 1.0 7.5 c 20.9 

15489 0-3 2.0 
3-6 1.8 

17.5 < 19.4 
9.5 c 21.0 

15589 0-3 c1.1 10.6 c21.1 
3-6 c 0.96 10.0 < 19.1 

15989 0-3 c 1.0 103 < 20.2 
3-7 1.1 14.5 c 18.2 

16889 0-2 c 1.0 
3-5 < 1.1 

8.7 c 20.3 
11.2 < 23.0 
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he 
Page: MAY '2 7 1994 

TABLE 2.4 
CONCENTRATIONS OF SELECT METALS (mg/kg) 

IN SHALLOW SOILS (0 to 7 feet) 

J = 

B = 
-- Not reported. 

Reported value is less than the contract required detection limit but greater than the instrument 
detection limit. 
Compound detected in blank sample. 

40 103- 1 OTABLE.24 
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TABLE 2.5 
CONCENTRATIONS OF SELECT RADIONUCLIDES (pCi/g) 

IN SHALLOW SOILS (0 to 7 feet) 

13489 

13689 

14289 

14689 

14789 

14889 

15489 

15589 

15989 

16889 

0-3 

3-7 

0-3 

3-7 

0-3 

3-7 

0-3 

3-6 

0-3 

3-7 

0-3 

3-6 

0-3 

3-6 

0-3 

3-6 

0-3 

3-7 

0-2 

3-5 

20.7f3.5 

9.6f2.9 

24.2f3.9 

123f3.2 

6.752.4 

1.09f3.4 

17.6f4.8 

17.0 f4.5 

18.3f4.7 

7.1f3.8 

17.0 f 3.5 

11.4f3.1 

20.1 f4.6 

24.1352 

l3.6f3.0 

8.2 f 2.7 

19.8 f3.4 

17.2f3.4 

18.1f3.6 

14.8 53.1 

29.1 k5.2 

23.0f4.9 

39.4f5.5 

31.4f5.2 

19.0f4.7 

32.4f5.2 

28.9 f4.9 

30.9f4.9 

26.4f4.8 

29.1k4.9 

35.3f5.3 

34.4 f 5.2 

31.5f5.1 

28.9f5.0 

33.4f 5.3 

26.6f5.0 

35.6f5.1 

37.5f5.3 

42.2 55.8 

36.0 f5.5 

15.860k0.28 

0.024 *0.011 

1.756 f0.082 

0.066f0.015 

0.0% f0.026 

O.OUfO.014 

0.031 f0.015 

0.018f0.011 

0.090*0.021 

0.022 f0.011 

0.022 f 0.015 

0.025 f0.012 

0.030*0.01 

0.014~0.009 

0.031fO.OU 

0.030 f 0.014 

0.012f0.007 

O.Ol3f0.00S 

0.13 f 0.032 

0.005fO.Ol3 

0.27 f0.14 

0.19 r t O . 2 0  

1.17f0.32 

1.01fO.36 

1.66f0.48 

0.71 f0.33 

0.69f0.28 

0.64fO.28 

0.80f0.34 

0.38f0.2 

1.16f0.36 

0.71f0.27 

1.27f0.28 

0.72f0.27 

1.10f0.44 

0.85f0.43 

0.85f0.27 

0.91f0.33 

0.95f0.33 

0.62f0.33 

0.23 f 0.14 

0.42k0.27 

0.82k0.27 

1.82f0.34 

1.20f0.42 

1.32 f b.42 

0.84i-0.31 

039 f0.12 

0.73f0.31 

0.43 f0.2 

0.80*031 

0.52k0.25 

1 .oo f0.25 
0.99i0.32 

0.90*0.38 

0.80f4.1 

0.85 f0.27 

0.88f0.33 

1.01f0.35 

0.31f0.27 

-220 f 270 

-16Of260 

3260f430 

1OoOf40 

70f280 

190f330 

620 2310 

-140*260 

-70 f270 

-U0*250 

-5Of280 

23Oft280 

380*330 

mfm 

130f440 

210f280 

50f290 

-110i300 

-80f290 

-80f310 

401 03-1\mABLE.2-5 
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TABLE 2.5 
CONCENTRATIONS OF SELECT RADIONUCLIDES (pCi/g) 

IN SHALLOW SOILS (0 to 7 feet) 

I 1 24f 10 24f6 0.06fO.11 0.42f0.13 0.35f0.12 -- 
4 22f10 19f6 -0.03 f0.07 0.87 f0.23 0.58 f0.19 -- I Olg7 

Error corresponds to the radioactive potential disintegration process counting etror at the 95% confidence level, 
1.96~. Variability larger than concentration results in an apparent negative concentration. 
-- Not reported. 
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I TABLE 2.9 

MErALS 

MAJOR 

CONCENTRATIONS OF SELECT CONSTITUENTS 
IN SURFACE WATER FROM LOCATION SW125 

DECEMBER 1990 

Gross Beta 5.900 
Uranium-234 2.600 
Uranium-238 1.600 

(all) 
Aluminum <200 261 

Calcium 38400 38400 
Iron < loo 234 

Lead < 3  <3 
Magnesium 9660 %u) 

zinc e20 22 
Strontium 240 239 

Sodium 17300 16900 

IONS (mg/l) 

TDS = 
TSS = 

40103-lWTABLE.2-9 

Bicarbonate 170 
Fluoride 1.1 

Nitrate/Nitrite 0.38 
Phosphate 0.065 

Silica 7 
Sulfate 42 

TDS 270 
TSS 16 

rotal Dissolved Solids. 
rotal Suspended Solids. 
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EXPLANATION 
.............. .............. 

PREPARED FOR 

U.S. DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT --- IHS’S BOUNDARY GOLDEN, COLORADO 

----- PIDING solL OR GRAVEL 

......... PAVEMENT 

Oa- PHOTO VANTAGE POINT CONCRETE 

v7A BUILDING ............ 

FIGURE 2-3 OVERHEAD 

LOCATION OF IHSS 116.1 4 DRAIN 

DRAINAGE WEST LOADING DOCK --..- 
-x- FENCE BUILDING 447 



r A  BUILDING 

PHOTO VANTAGE POlN 

IHSS BOUNDARY 

DRAINAGE 

--- 
-...- 

E] , ,. ,.',:.~~.:.:.' PAVEMENT 
.... 

CONCRETE 

1-1 SOIL OR GRAVEL 

U.S. DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 
GOLDEN, COLORADO 

FIGURE 2-5 
LOCATION OF IHSS 116.2 

25 50 FEET SOUTH LOADING DOCK 
tJ WATER HYD ANT u BUILDING 444 





$ EXPLANATION - RAILROAD 

-x- FENCE PREPARED FOR 

- 
BUILDING 

--- IHSS BOUNDA?Y U.S. DEPARTMENT OF ENERGY 
DRAIN AGE 

PAVE MEN T 

-...- 

m 

E 1-1 SOIL OR GRAVEL 
Y 
u 
W 
I u 

ROCKY FLATS PLANT 
GOLDEN, COLORADO 

FIGURE 2-9 
LOCATION OF IHSS 136.2 

25 50 FEET COOLING TOWER POND 
25__ E A S T  OF BUILDING 444 
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EXPLANATION 

Kq CONCRETE 

- 
IHSS BOUNDARY PREPARED FOR 
PHOTO VANTAGE POINT U.S. DEPARTMENT OF ENERGY 

PAVEMENT 

~ 1-1 SOIL OR GRAVEL 
I -  

ROCKY FLATS PLANT 
GOLDEN, COLORADO 

I I 

I FIGURE 2-19 I LOCATION OF IHSS 120.1 

I - RAILROAD 25 50 FEET FIBERGLASSING AREA 
-x- FENCE I NORTH OF BUILDING 664 



SECURED 
AREA 

EXPLANATION 

BUILDING 

0~ PHOTO VANTAGE POINT 

IHSS BOUNDARY --- 

h\ CONCRETE 

1 PREPARED FOR 

I U.S. DEPARTMENT OF ENERGY DRAINAGE -...- 
ROCKY FLATS PLANT 

f PAVEMENT GOLDEN, COLORADO 

11 SOIL OR GRAVEL - RAILROAD 

FIGURE 2-21 
LOCATION OF IHSS 120.2 

FIBERGLASSING AREA 
WEST OF BUILDING 664 

25 Sa FEET 
-x- FENCE 
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3.0 CHEMICAL SPECIFIC BENCHMARKS (CSBs) 

Rocky Flats Plant Chemical Specific Benchmarks (CSBs) (EG&G terminology) included in 

this section were provided by EG&G and are in lieu of Applicable or Relevant and 

Appropriate Requirements (ARARs). The CSBs were developed for the entire Rocky Flats 

Plant site and are not specific to OU12. Site-specific ARARs will be developed as the initial 

step of the Corrective Measures Study/Feasibility Study (CMS/FS) for OU12. Preliminary 

remediation goals (PRGs) will also be developed in the CMS/FS. Tables 3.1 through 3.4 

provide a preliminary identification of potential CSBs for ground water and surface water 

at the Rocky Flats Plant. CSBs for soil have not been developed at this time. EPA analytical 

methods and detection limits have been specified for soil analyses to obtain data of the 

highest quality with the lowest possible detection limits. As validated data become available 

from OU12 RFI/RI activities, the CSBs will be reevaluated in accordance with Chapter 

Three, Part 15 of the IAG (DOE, 1991a). The sitewide CSBs included in this work plan are 

not intended for use in establishing clean-up goals, however, they will be used to establish 

RFI/RI analytical detection limits. Clean-up activities for OU12 will be site specific and 

shall be based on results of an environmental and human-based Risk Assessment. 

Sitewide CSBs represented in Tables 3.1 through 3.4 were developed from the following 

sources: 

40103-1\FSECTION.3 Scptcmbar 29, 1992 
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Colorado Department of Health (CDH), Water Quality Control Commission 
(WQCC), groundwater standards (EG&G, 1991e); 

Safe Drinking Water Act (SWADA), Maximum Contaminant Levels (Ma), surface 
water and groundwater (EG&G, 1991e); 

Clean Water Act (CWA), Ambient Water Quality Criteria (AWQC), potentially 
applicable to surface water and groundwater (EG&G, 1991e); 

RCRA, Subpart F, Groundwater Concentration Limits (40 CFR 264.94), 
groundwater standards (EG&G, 1991e); and 

CDH, WQCC proposed statewide and classified groundwater area standards 
(EG&G, 1991e). 

In instances where CSBs have not been proposed for a particular chemic4 or for a particular 

type of investigative method, EG&Gs General Radiochemistry and pouthe Analytical 
Services Protocol (GRRASP) or other appropriate laboratory procedure3 will be considered 
as the practical quantitation limits and will be applied (EG&G, 1991d)J 

0 
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4.0 DATA REQUIREMENTS AND DATA QUALITY OBJECTIVES 

As required by the IAG to meet CERCLA and RCRA requirements, data are necessary to 

characterize the nature and extent of contamination, support the risk assessment, support 

the evaluation of corrective/remedial actions, and assist in the development and evaluation 

of remedial alternatives. Data requirements for this work plan are presented below and 

derived from guidance documents previously cited. 

The objectives of the RFI/RI are to characterize the nature, distribution, and migration 

pathways of contaminants for each OU12 IHSS in support of the baseline risk assessment, 

as well as to support the evaluation of remedial alternatives. 

Data quality objectives (DQOs) have been specified for each data collection activity, and 

the work will be conducted and documented in a manner that ensures that the data 

collected are sufficient and of adequate quality for their intended uses (EPA, 1987). DQOs 

are qualitative and quantitative descriptions of the data required to support decisions made 

during remedial response activities. The DQOs are developed prior to data collection 

activities and are incorporated into the planning process, resulting in a well thought out FSP 

which details the chosen sampling and analysis options and provides confidence in the 

decisions made during the remedial process. DQOs were established for the OU12 RFI/RI 

in accordance with Appendix A of the Rocky Flats Plant Site-Wide Quality Assurance 

Project Plan (EG&G, 

40103-I\FSECIlON.4 Scptanbcr 29, 
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identifies decision types, Stage 2 identifies data uses/needs, and Stage 3 is the design of a 

data collection program. 

Through application of the DQO process, site-specific goals were established for the 

RFI/RI, and data needs were identified for achieving those goals. This section explains the 

DQO process specific to the RFI/RI for OU12. 

4.1 STAGE 1 - IDENTIFY DECISION TYPES 

The major elements of Stage 1 include identifying and involving data users, evaluating 

available data, developing a site conceptual model, and specifymg objectives and decision 

types that will be made during the RFI/RI process. Available data must be obtained and 

evaluated during this stage to aid in the development of DQOs and to develop a site 

conceptual model (EPA, 1987). The site conceptual model presented in Section 2.5 

identifies the sources, release mechanisms, transport pathways, exposure routes, and 

receptors. The following sections address each of these elements. 

4.1.1 

Data users are divided into three general groups: decision makers, program management 

staff, and technical personnel. The principal decision makers for OU12 are federal officials 

responsible for RFP operations and the federal and state regulatory officials responsible for 

environmental protection. These include the DOE Office of Environmental Restoration and 

Waste Management, DOE Rocky Flats Office, EPA Region VIII, CDH, and natural 

resource trustees. The program management staff are the prime EG&G contractor 

personnel responsible for ER Program activities, and include the EG&G Rocky Flats Plant 

Environmental Management Department. Natural resource trustees include the Department 

of Interior (U.S. Fish and Wildlife Service), the Colorado Department of Natural Resources, 

Identifv and Involve Data Users 

40103-1\FSECTlON.4 Scptcmbcr 29, 195’2 
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the Colorado Department of Health, the Attorney General of the State of Colorado, and 

DOE. Technical personnel include EG&G RFP technical specialists and subcontractors 

responsible for supervising, coordinating, and performing ER Program activities. The 

primary technical personnel data users will be risk assessment scientists, statisticians, and 

feasibility studies engineers. 

The data users are brought into the RFI/RI process during planning stages to help define 

data quality requirements. The work plan is reviewed by the data users and their comments 

are incorporated in the work plan structure. 

4.13 Evaluate Available Data 

Section 2.0 describes the historical and current conditions of the IHSSs and associated areas 

within OU12. The following is a brief discussion of the completeness and usability of 

existing information, based on the data presented in Section 2.0. 

4.1.2.1 

OU12 is comprised of 10 IHSSs located in the 400, 600, and 800 building areas of RFP as 
shown in Figure 2-1. Brief site descriptions, suspected contaminants present, and suspected 

location of the contaminants (surface or subsurface) are presented in Table 2.2. In general, 

most of the IHSSs in OU12 are surface spill sites, with the exceptions being IHSSs 136.1 and 

136.2, which were two cooling water ponds. Suspected contaminants include radionuclides, 

metals, and volatile organics. 

Current Understanding of Nature and Extent of Contamination 

Very limited analytical data are available for soil, ground water, and sediment samples 

collected from areas on or adjacent to OU12. A complete discussion of the existing data 

is presented in Section 2.4. An assessment of the nature of contamination at each OU12 

40103-1\FSECTION.4 Scptrmber 29, 1992 
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IHSS has been derived primarily from historical accounts in the HRR (EG&G, 1992c) and 

the IAG. These historical descriptions have been supplemented by available analytical, 

geologic, and hydrologic data for the overall OU12 site area and adjacent OUs. 

4.1.2.2 Existing Data 

Limited soil and ground water analytical data are available from samples collected in areas 

on or adjacent to OU12. However, the data are not specific to any of the IHSSs within 

OU12. Section 2.4 and Appendix A present these data. The soils data were collected in 

1989, and the ground water data were collected from 1988 to 1991. Most of the data from 

these years have been properly validated. Therefore, these data are available for evaluation. 

The existing data are of sufficient quality to be used in a qualitative manner to design the 

field investigation program and for use in the RFI/RI report and the baseline risk 

assessment. 

The existing data have been statistically analyzed to determine the mean, standard deviation, 

and range of select metal and radionuclide constituents in shallow soil samples (Tables 4.1 

and 4.2). Existing analytical data for volatile organics are insufficient to determine these 

statistical parameters. The metal and radionuclide data were compared to background data 

developed for the Background Geochemical Characterization Report (EG&G, 1990a) for 

total metals in South Rocky Flats alluvial borehole samples and for radiochemistry data in 

North and South Rocky Flats alluvial borehole samples recognizing that formal acceptance 

of these background levels has not occurred at this time. 

The Background Geochemical Characterization Report points out several characteristics of 

the background geochemical data set that make formal statistical comparisons of data in 

OU12 with background data difficult. Beryllium, lithium, and plutonium-239 were shown 

40103-1\FSECTION.4 Scpkaubcr 29, 1992 
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to be neither normally nor lognormally distributed in the background data. In addition, 

statistically significant geochemical differences were noted among different lithologic units 

for chromium, lithium, gross alpha, plutonium-239, uranium-233/234, and uranium-238. In 

spite of these limitations, however, certain general observations may be made concerning 

the analytes of interest in OU12. 

The mean concentration of chromium in OU12 is less than the background concentration, 

and the standard deviation is somewhat higher in OU12. However, the mean concentration 

of chromium was calculated without data from the areas near former cooling water ponds 

that are thought to be contaminated with chromium. Therefore, chromium concentrations 

within OU12 are unknown and will be determined during the RFI/RI. 

The mean concentration and standard deviation of lithium are higher in OU12 than in 

background samples, while the range of OU12 concentrations is less than the background 

range. Lithium concentrations in upper and lower horizons in OU12 are similar. 

The mean, standard deviation, and range of gross alpha concentrations are less in OU12 

samples than in background samples. Concentrations in the upper several feet in OU12 are 

somewhat higher than in the next lower horizon. 

Mean gross beta concentration are higher in OU12 than in background areas, but the range 

of concentrations in OU12 is similar to that found in background samples. Upper and lower 

horizon samples in OU 12 have similar concentrations. 

The mean, standard deviation, and range of plutonium-239/240 concentrations are orders 

of magnitude higher in OU12 than in background plutonium-239 samples, even though an 

40103-l\FSECTION.4 Scptanber 29, 1992 
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accurate comparison of these concentrations cannot be made because the isotopes are not 

reported individually. Concentrations in the upper OU12 horizon are also higher than those 

observed in the lower horizon. 

The mean and standard deviation of uranium-233/234 concentrations in OU12 are higher 

than in background samples, but maximum concentrations were lower in OU12. Surface 

horizon concentrations in OU12 are somewhat higher than those found in the next lower 

horizon. 

Mean concentrations of uranium-238 are similar in OU12 and in background samples, but 

the range of OU12 concentrations is less than in background samples. Mean concentrations 

in the upper and lower horizons at OU12 are essentially the same. 

The mean, standard deviation, and maximum concentrations of tritium are higher in OU12 

samples than in background samples. Concentrations in the upper horizon of OU12 are 

higher than in deeper samples. 

The existing data were primarily only useful for identifying potential contaminants that may 

be found at the site and were used in conjunction with HRR conclusions and LAG 
requirements to determine the field sampling analyte lists discussed in Section 6.5. As 
stated previously, the existing data are from sampling locations that span the entire OU12, 

and cannot be considered representative of all of the IHSSs. 

4.1.3 DeveloD Site ConceDtual Model 

An integral part of the DQO process is the development of a site conceptual model to 

identify contaminant pathways to support data collection needs. A site conceptual model 

40103-1\FSE(;TION.4 scptcmbcr 29, 1992 
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for OU12 was developed based on available data as shown in Figure 2-39. The model 
includes descriptions of primary and secondary sources, release mechanisms, contaminant 

migration pathways, exposure routes, and receptors. This preliminary model is very generic 

at this time because IHSS-specific contaminant and physical data are lacking. 

The primary release mechanisms of contaminants from surface spills and ponds are wind 

erosion, volatile emissions, storm water runoff, irrigation, infiltration/percolation, leaching, 

and tracking. Secondary release mechanisms include volatilization, deposition, seepage, 

irrigation, pumpage, and recharge. Exposure (human and biota) to contaminants can occur 

through multiple pathways including ingestion, inhalation, and dermal contact; however, the 

actual pathways of significance and potential receptor populations for each exposure 

pathway will be determined during the risk assessment. e 
4.1.4 

As stated in the LAG, the primary objectives of the RFI/RI are to characterize the nature 

and extent of contamination for each OU12 IHSS, to provide information necessary to 

determine the risk associated with the source of contamination at each OU12 IHSS, and to 

provide information to evaluate potential remedial action alternatives. From the 

information generated by the RFI/RI, decisions can be made as to whether remediation is 

necessary, which remedial alternatives would be appropriate, and develop the Corrective 

Action Decisions and Record of Decision (CAD/ROD). A summary of the specific DQOs 
and data needs is presented in Table 4.3. In accordance with the IAG, the specific 

objectives of the RFI/RI for OU12 are: 

SDecifv RFI/RI Obiectives and Decisions 
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Characterize the Nature and Extent of Contamination 

The intent of the field sampling program to be performed during the RFI/RI is to 

determine the physical characteristics of all media and determine the nature and the . 

horizontal and vertical extent of existing contamination at all OU12 IHSSs. Achieving these 

objectives will require the following: 

Further delineate the areal extent and location of the IHSSs; 

Define the nature and horizontal extent of surficial soil contamination; 

Define the nature and extent of contamination in the soil column beneath each 
IHSS; 

Determine if ground water beneath each IHSS has been affected by contamination 
in the overlying soils; 

Assess the potential for contaminated soil to impact the ground water; 

Determine the presence or absence of ground water contamination; 

Assess the ground water migration potential beyond the IHSS and OU12 
boundaries; and 

Deterrnine if sediment and surface water have been affected by IHSS activities. 

Sampling activities described in Section 6.3 of this work plan will address the objectives 

listed above, with the exception of surface water. Surface water analysis data will be 

obtained from EG&Gs sitewide surface water monitoring programs. These data will be 
evaluated to characterize the nature and extent of contamination associated with XHSS 

activities. 

40103-1\FSECnON.4 Dccauber 4, 1992 
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An analytical level for all of the objectives is required that yields data of sufficient quality 

for the baseline risk assessment, subsequent analysis, and determination of remedial 

alternatives. Objectives will be met by adherence to the General Radiochemistry and 

Routine Analytical Services Protocol (GRRASP) (EG&G, 1991d) for sample analysis and 

RFP Environmental Management Department operating procedures (EMD SOP) (EG&G, 

1991f) for sample collection. 

Other data needs required to characterize OU12 include: 

Determination of the location of subsurface utilities; 

Further definition of subsurface structures including footing drains, sumps, and 
vaults; 

Characterization of hydrogeologic conditions; 

Characterization of soils from the surface to the water table; 

Characterization of surface water and sediments; and 

Characterization of the ground water. 

The objectives, type of data required, sampling/analysis activities, analytical levels, and data 

uses are presented in Table 4.3. 

Determine Risks Associated with Contamination 

To meet the objectives of the baseline risk assessment, specific data need to be obtained to 

accomplish the four tasks of the risk assessment (data collection/evaluation, exposure 

assessment, toxicity assessment, and risk characterization), 

40103-1\FSE(JI10N.4 Daanbcr 4. 1992 
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These tasks will rely on data collected under a sampling plan that is sufficient to determine 

the contaminants present and the concentrations at which they OCCUT. Analytical data for 

different environmental media must be sufficient to characterize the lateral and vertical 
extent of contamination and be representative of sampled areas. Background or control 

data must also be collected at uncontaminated areas and its use agreed to by the agencies 

to establish baseline conditions and determine the degree to which contamination may affect 

receptors. 

This specifically requires an inventory of contaminants detected, associated concentrations, 
and the lateral and vertical distribution of contaminants. In addition, data pertaining to 
physical characteristics of topography, soil, subsurface water bearing zones, and weather 

patterns need to be collected both to determine potential migration pathways and to conduct 
computer modeling studies. Characteristics and locations of possible human populations and 

biological populations must also be determined. 

Recent toxicity information on all identified contaminants must also be collected to evaluate 

and determine potential risks to the identified receptors. 

Sumort Selection of Remedial Action Alternatives 

Data requirements for the evaluation of remedial action alternatives include an 

identification of the nature and extent of contamination at sites of concern. In addition, the 

volumes and areas of contaminated media must be determined. This work plan addresses 

the sampling required to characterize contaminated media at OU12, to support the selection 

of remedial alternatives in the CMS/FS, and to develop the CAD/ROD. These remedial 

alternatives may include removal and treatment, in situ treatment, containment, and no 
action. 
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4.2 STAGE 2 - IDENTIFY DATA USES/NEEDS 

The major objectives of Stage 2 are the following: 

Identify data uses; 

Identify data types; 

Identify data quality needs; 

Identify data quantity needs; 

Evaluate sampling and analysis options; and 

Review precision, accuracy, representativeness, comparability, and completeness; 
(PARCC) parame ten. 

Stage 2 also includes the selection of the sampling approach and the analytical options for 

the task including the economic and technical feasibility of the chosen technique. The 

following sections discuss each of these elements. 

4.2.1 Identifv Data Uses 

In order to ensure that the sampling effort will address the objectives outlined in 

Section 4.1.4, the anticipated uses for the data must be specifically stated. Data collected 

during the RFI/RI will be used to characterize the nature and extent of contamination, 

support the baseline risk assessment, and evaluate remedial alternatives. Characterization 

of each IHSS includes the surface of the site, the vadose zone, and ground water, as 

summarized in Table 4.3. Samples will be collected to determine the extent and type of 

contamination present. Data will also be collected to determine the physical characteristics 

of the media for use in contaminant transport and pathways analyses. 

40103-1\FSEcTION.4 Scptanbcr 29, 1992 
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Data collected for the OU12 RFI/RI will be used in the development of contaminant 

transport conceptual and computer models for the risk assessment. Conceptual models may 

be developed for air, the vadose zone, surface water, sediments, and ground water fate and 

transport. 

Additional data needs not specified by the LAG requirements for the RFI/RI, but that will 

be necessary to evaluate remedial alternatives, include monitoring of response actions and 

monitoring to comply with regulations during remediation. Therefore, the development of 

DQOs for the RFI/RI at OU12 included remediation concerns to the extent possible. 

DQOs for OU12 will be re-evaluated at the completion of the sampling and analysis 

program. 

4.2.2 Identify Data mes 

Following identification of the intended users and use of the data, the specific data types 
must be developed. Data types are summarized on Table 4-3, and will consist of field 

survey and laboratory analytical results of samples for each RFI/RI objective. Sampling will 

be primarily of physical media during the RFI/RI. The physical media include soils, 

sediments, soil gas, surface water, and ground water. The analytical requirements are 

dictated by the intended use of the data (EPA, 1987). 

A list of specific analytes and analytical methods for OU12 has been developed and is 

presented in Section 6.5. The criteria used to develop the list include historical 

documentation (HRR), IAG requirements, and existing analytical data for sampling 

locations in or adjacent to OU12. As discussed in Section 6.3, there are several potential 

site contaminants associated with the IHSSs in OU12. The available historical information 
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and evaluation of existing data suggested that, to be conservative, several contaminant 

classes should be analyzed for during the fielding sampling program. 

Exposure assessment modeling requires additional data types. Data necessary for air 

dispersion modeling generally includes relative wind direction and frequency, atmospheric 

stability and wind speeds, ambient concentrations of airborne particulates, soil adsorption 

coefficients, solubility, particle size, soil moisture content, and precipitation. Many of these 

parameters will be determined from RFP-wide atmospheric studies or from literature values. 

Vadose zone alternatives analyses will generally need data to determine vadose zone 

physical characteristics as well as chemical characteristics. Data necessary for these analyses 

generally include infiltration rates, soil porosity, unsaturated hydraulic conductivity, bulk 

density, soil moisture content, soil pH, total organic carbon (TOC) content, matric potential, 

and leaching potential. 

4.2.3 Identifv Data Ouality Needs 

Analytical methods and support levels must be evaluated during the DQO process. The 

parameters for which an analytical method is valid, its limitations, and any special 

considerations which will affect data quality must be understood in order to select 

appropriate methods. Table 4.3 lists the analytical levels appropriate for the intended data 

uses. The five levels of data quality as presented in EPA's Data Quality Objectives for 

Remedial Response Activities Development Process (EPA, 1987) are as follows: 

Level I - Screenine. Provides the lowest data quality but the most rapid results, 
and is used for purposes of site health and safety monitoring, preliminary 
comparison to chemical specific benchmarks, and initial site characterization to 
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define areas for hrther study. The data generated provides presence/absence of 
certain constituents and are generally qualitative rather than quantitative. 

Level I1 - Field Analvsis. Provides less rapid results but better data quality. 
Analysis includes some mobile laboratory-generated data and data generated by 
use of field analytical instruments. The data may be qualitative or quantitative. 

Level I11 - EnPineerinP. Provides an intermediate level of  data quality and may 
be used for site characterization or risk assessment. Engineering analysis includes 
mobile laboratory-generated data and standard commercial laboratory analyses 
without full CLP documentation. These data are both qualitative and quantitative. 
If analysis are conducted in support of treatability models, it will be performed to 
Level 111. 

Level IV - Confirmational. Provides the highest level of data quality and is used 
for purposes of risk assessment, engineering design, and cost recovery 
documentation. Confirmation analyses require full CLP analytical and data 
validation procedures. 

Level V - Nonstandard. Refers to analysis by nonstandard procedures, for 
example, exacting detection limits or analyses of an unusual chemical compound. 
These analyses often require method development or adoption. The data 
validation procedures of Level IV can be applied to Level V, if required. 

Analytical data derived from the proposed sampling and analysis program at OU12 will be 

used, in part, to evaluate human health and ecological risks posed by contamination, if any. 

Toxicological interpretation of data requires validation of analytical data. Therefore, select 

soil and ground water samples will be subjected to Level IV analytical procedures and 

reporting requirements based on the results of Level 111 analytical procedures. The 

sampling plan for OU12 has been designed to allow for a tiered approach beginning with 

soil, soil gas, and ground water screening using Level I1 and I11 with validation of these 

screening results for select duplicate samples subjected to Level IV analyses. Subsequent 
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sample collection and analysis efforts will be directed by the results of the screening 

activities. 

4.2.4 Identifv Data Ouantitv Needs 

Data quantity needs are based on an evaluation of available data for characterizing the 

nature and extent of potential contamination at OU12 and for providing input to the risk 

assessment and assessment of remedial alternatives. This is consistent with guidance 

provided in Data Quality Objectives for Remedial Response Activities (EPA, 1987) and 

Guidance for Data Useability in Risk Assessment (EPA, 1990). Data presently available 

are insufficient to meet the objectives defined by the IAG; therefore, the collection of 

additional data is warranted, 

To ensure that a sufficient amount of valid data are generated, the FSP was designed to 

include a rationale for all activities and a phased approach using screening-level techniques 

to identify critical sampling sites. The field sampling program described in Section 6.2 and 

applied to each IHSS provides for screening to be initially completed on a standard grid, 

with additional screening activities added to further define anomalous readings. 

Given the limited availability of existing data, the approach used to determine the number 

and spacing of samples is taken from Gilbert (1987) and is also presented in EPA 
documentation (EPA, 1989b). This method allows for the determination of a sampling grid 

spacing by assuming a target contaminated area size and specified confidence. Additional 

assumptions used in this work plan are: a very small proportion of the area being studied 

will actually be measured in sample analysis and the definition of the contaminated area is 

clear and unambiguous. 
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The acceptable probability (B) of not finding the target hot spot is specified as 0.1, or 

10 percent, in accordance with EPA guidance (EPA, 1990). A triangular grid was chosen 

because studies have shown that triangular grids are capable of finding smaller hot spots 

than a square grid (Gilbert, 1987). Based on Gilbert, a triangular grid with samples spaced 

a maximum of 25 ft apart provides an acceptable probability of not finding an elliptical 

contaminated area approximately 50 ft by 25 ft in size. Likewise, a triangular grid with 

samples spaced a maximum of 50 ft apart provide an acceptable probability of not finding 

an elliptical contaminated area approximately 50 ft by 100 ft in size. The sizes of the small 

OU12 IHSSs are greater than a 50 ft by 25 ft ellipse, but spill areas within the IHSSs may 

be smaller. The larger IHSSs are all greater than 50 ft by 100 ft in size, but potential 

anomalous areas within these IHSSs may be smaller. 

The soil gas and surficial sampling program will use standard triangular grids at most OU12 

IHSSs, with additional points added in suspect locations and midway between points with 

anomalous results. The starting grid point at each site will be chosen using random methods 

described in EPA guidance (EPA, 1989b). Screening of soil and ground water will be 

conducted to define anomalous areas from soil gas readings. For surficial sampling, 

additional samples will be collected from areas observed in the field of stained ground, 

topographic depressions or other suspect locations within the site to increase the probability 

of detecting sources of contamination. Sediment samples will be collected in drainage 

ditches near the sites, if present. 

4.2.5 Evaluate SarnDlindAnalvsis ODtions 

The RFI/RI for OU12 will use field screening and surficial soil sampling techniques to 

direct subsurface data collection activities. This approach maximizes collection of useful 

data because surficial soil sampling and field screening techniques are used to properly 

40103-1\FSECTION.4 Scptanbcr 29, 1992 



EG&G ROCKY FLATS PLANT 
Final RFI/RI Work Plan 
Operable Unit No. 12 

Manual: 21100-w-ou12.1 
Section No.: Tr lyj4 4.0, Rev. 0 

17 of 20 
Effective Date: ~~~ 

Organization: Remediation Program 
septofftBtr29;t992k 

Page: 2q 

locate and minimize borehole drilling. Additionally, this approach minimizes the volume 

of generated hazardous waste material that requires special management, the potential 

exposure of field personnel to hazardous waste material, and the overall time to perform 

the field activities. 

Five types of activities will be performed during the field program: (1) radiation surveys 

and chemical screening; (2) nonradionuclide surficial soil sampling; (3) borehole drilling and 

subsurface soil sampling; (4) installation of tensiometers or equivalent; and (5) installation 

and sampling of monitoring wells. Section 6.0 describes in detail the field activities. 

Section 6.5 of this work plan discusses the analytical program requirements for OU12. 

Appendix B of the QAPjP (EG&G, 1991e) provides a listing of the CLP analytes and 

detection/quantification limits for Target Compound List (TCL) volatile, Target Analyte 

List (TAL) metals, radionuclides, and other surficial soil sampling parameters. These 

analytical methods are appropriate for meeting the data quality requirements for analytical 

Levels I through V during the RFI/RI. 

4.2.6 

The PARCC parameters (precision, accuracy, representativeness, comparability, and 

completeness) are indicators of data quality. The end use of the measurement data should 

define the necessary objectives for the PAFCC parameters. The PARCC goals are specified 

in the Quality Assurance Addendum (QAA) (Section 10.0) of this work plan. The PARCC 

parameters are discussed below. Analyte-specific precision and accuracy objectives are also 

listed in the QAPjP, Appendix B. 

Review of PARCC Parameter Information 
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Precision measures the reproducibility or degree of agreement among replicate 

measurements under a given set of conditions. The closer the numerical values of the 

measurements are to each other, the more precise the measurements. During the OU12 

RFI/RI, collection of data using field instrumentation such as water level meters, pH 

meters, and conductivity meters will be checked by reporting at least three measurements 

taken at one location and comparing the results. Field analysis instruments such as a mobile 

gas chromatograph (GC) will be checked by the analysis of replicate samples. Sampling 

precision will be evaluated by the analysis of field replicates. Analytical precision will be 

determined by replicate analysis of single samples. The DQO objective for precision will 

be to achieve the precision criteria associated with each published analytical method used 

in the analysis of OU12 samples. 

Accuracy expresses the bias and precision in a measurement system. Sources of error 

include the sampling process, field contamination, preservation, handling, sample matrix, 

sample preparation, and sample analysis techniques. Sampling contamination of the OU12 

RFI/RI will be assessed by evaluating the results of field rinse and trip blanks. The 

accuracy of the laboratory analysis will be determined from the results of matrix spike 

recovery. The DQO objective for accuracy will be to obtain recoveries within the range of 

acceptability associated with each published analytical method used in the analysis of OU12 

samples. 

Representativeness expresses the degree to which sample data accurately and precisely 

represent a characteristic of a population, parameter variations at a sampling point, or an 

environmental condition. Representativeness is a qualitative parameter that is most 

concerned with the proper design of the sampling program. Given the lack of previous 

usable data from the OU12 IHSSs, designing a representative sampling program is difficult. 

401M-l\FSECMON.4 wtwber 29. 1992 



EG&G ROCKY FLATS PLANT 
Final RFl/RI Work Plan 
Operable Unit No. 12 

21100-WP-ou12.1 
4.0, Rev. 0 

Manual: 
Section No.: 

Effective Date: 
Organization: 

Page: s2 CbC 
Remediation Program 

~ 

However, representativeness can be enhanced for the OU12 RFI/RI by the use of proper 

sampling techniques. Section 6.3 describes the sampling rationale and techniques. 

Representativeness will also be assessed by the collection and analysis of field duplicate 

samples . 

Completeness is defined as the percentage of measurements made that are judged to be 

valid. The target completeness objective for the OU12 field and analytical data is 100 

percent; 90 percent will be the minimum acceptable level. To ensure that a sufficient 

amount of valid data are generated, the FSP was designed to include a rationale for all field 

activities and a phased approach using screening level techniques to identify and locate 

critical sampling sites. Section 6.0 further discusses these components of the FSP. 

Comparability is a qualitative measure defined by the confidence with which one data set 

can be compared to another. Differences in field and laboratory procedures greatly affect 

comparability. To optimize comparability, all OU12 RFI/RI sampling techniques and 

analytical methods will use approved EMD SOP methods. 

4.3 STAGE 3 - DESIGN DATA COLLECTION PROGRAM 

The intent of Stage 3 is to compile the information and DQOs developed for specific tasks 

in Stage 2 into a comprehensive data collection program. The data collection program has 
been prepared for the OU12 RFI/RI and is presented in the FSP (Section 6.0). The FSP 

includes a detailed list of all samples to be collected including media, sample type, and 

number of samples. The FSP also includes sample location maps for each IHSS and lists 

the number and type of QC samples to be collected. 
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The QAA (Section 10.0) and QAPjP describe the policy, organization, functional activities, 

and QA/QC protocols necessary to achieve the DQOs dictated by the intended use of the 

data. 
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TABLE 4.1 
CONCENTRATIONS OF SELECT METALS IN SOILS (mg/kg) 

LOCATION DEFT" BERYLLIUM CHROMIUM LITHIUM 

12489 0-3 < 1.1 11.6 < 21.2 

13489 0-3 <0.41 12.3 13.5B 
3-7 < 0.42 27.4 5.1B 

13589 0-3 < 1.0 13.6 < 20.4 
4-8 < 0.98 5.5 < 19.7 

13689 0-3 < 1.1 9.8 < 22.4 
3-7 < 1.1 17.1 < 22.9 

14089 0-3 < 1.2 10.8 < 23.2 
3-7 < 1.6 11.6 < 23.6 

14289 0-3 < 0.42 15.3 9.9B 
3-7 < 1.6 33.7 < 22.6B 

14689 0-3 <0.86 8.4 < 17.3 
3-6 < 1.1 5.7 < 22.2 

14789 0-3 < 0.85 12.6 c 16.9 
3-7 1.2 13.0 < 18.7 

14889 0-3 1.2 11.7 < 22.6 
3-6 < 1.0 7.5 < 20.9 

15489 0-3 2.0 17.5 < 19.4 
3-6 1.8 9.5 <21.0 

15589 0-3 < 1.1 10.6 < 21.1 
3-6 < 0.96 10.0 < 19.1 

15989 0-3 < 1.0 10.3 < 20.2 
3-7 1.1 14.5 < 18.2 

16889 0-2 < 1.0 8.7 <203 
3-5 < 1.1 11.2 < 23.0 

17989 0-3 co.44 9.1 14.2 
3-6 < 0.39 10.6 15.5B 

0187 0- 1 <0.8 14 .O --- 
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TABLE 4.1 
CONCENTRATIONS OF SELECT METALS IN SOILS (tug/&) 

LOCATION DEPTH BERYLLIUM CHROMIUM LITHIUM 

Mean 

Standard 
Deviation 

Range 

Mean 
Standard 
Deviation 

Range 

SUMMARY STATISTICS 
Upper 0.59 12 
Lower 0.69 14 

Combined 0.64 l3 

Upper 0.46 2.6 
Lower 0.44 8.3 

Combined 0.44 5.9 

Upper < 0.41-2.0 8.4-17.5 
Lower <0.39-1.8 5.5-33.7 

Combined < 0.39-2.0 5.5-33.7 

STATISTICS FOR TOTAL METAL 
CONCENTRATIONS IN BACKGROUND 

SOUTH ROCKY FLATS ALLUVIAL 
BOREHOLE SAMPLES (EG&G, 1 W a )  

18 
1.1 

5.6-31.7 

9.6 
10 
10 

1.7 
2.3 
2.0 

9.9-14.2 
5.1-155 
5.1-155 

7.0 
0.5 

4.OU-44.8U 

B Compound detected in blank. 
- 
U Concentrations below detection limit. 

Statistics not calculated in EG&G, 1990a. 

Note: For concentrations less than the detection limit, the mean and standard deviation were 
computed using one-half the detection limit. 
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TABLE 4 2  
CONCENTRATIONS OF SELECT RADIONUCLIDES IN SOILS (pCi/g) 

LOCATION DEPTH ALPHA BETA PLUTONIUM URANIUM URANIUM TRITIUM 
(ft) 239/240 233/234 238 (PCi/l) 

13489 

13689 

14289 

14689 

14789 

14889 

15439 

15589 

15989 

16889 

0187 

0-3 
3-7 

0-3 
3-7 

0-3 
3-7 

0-3 
3-6 

0-3 
3-7 

0-3 
3-6 

0-3 
3-6 

0-3 
3-6 

0-3 
3-7 

0-2 
3-5 

0-1 

20.7 
9.6 

24.2 
12.3 

6.7 
1.09 

17.6 
17.0 

18.3 
7.1 

17.0 
11.4 

20.1 
24.1 

13.6 
8.2 

19.8 
17.2 

18.1 
14.8 

24.0 

29.1 
23.0 

39.4 
31.4 

19.0 
32.4 

28.9 
30.9 

26.4 
29.1 

35.3 
34.4 

31.5 
28.9 

33.4 
26.6 

35.6 
31.5 

42.2 
36.0 

24.0 

15.860 
0.024 

1.756 
0.066 

0.096 
0.023 

0.031 
0.018 

0.090 
0.022 

0.022 
0.025 

0.030 
0.014 

0.031 
0.030 

0.012 
0.013 

0.13 
0.005 

0.060 

0.27 
0.19 

1.17 
1.01 

1.66 
0.71 

0.69 
0.64 

0.80 
0.38 

1.16 
0.71 

1.27 
0.72 

1.10 
0.85 

0.85 
0.91 

0.95 
0.62 

0.42 

0.23 
0.42 

0.82 
1.82 

1.20 
1.32 

0.84 
0.39 

0.73 
0.43 

0.80 
0.52 

1.00 
0.99 

0.90 
0.80 

0.85 
0.88 

1.01 
0.31 

0.35 

-220 
- 160 

3260 
lo00 

70 
190 

620 
-140 

-70 
-m 

-50 
230 

380 
200 

130 
210 

50 
-110 

-80 
-80 

- 
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TABLE 4.2 
CONCENTRATIONS OF SELECT RADIONUCLIDES IN SOILS (pCi/g) 

LOCATION DEPTH ALPHA BETA PLUTONIUM URANIUM URANIUM TRITIUM 
(ft) 239/240 233/234 238 (PCi/l) 

Mean Upper 18 

Lower 12 

Combined 15 

SUMMARY STATISTICS 

31.3 1.6 0.94 

31.0 0.024 0.67 

31.2 0.87 0.81 

Standard 
Deviation Upper 4.9 6.80 4.7 0.40 

Lower 6.4 4.38 0.016 0.24 

Combined 6.3 5.64 3.5 0.35 

Maximum Upper 24.2 42.2 15.860 1 .a 
Lower 24.1 37.5 0.066 1.01 

Combined 24.2 42.2 15.860 1.66 

Minimum Upper 6.7 19.0 0.012 0.27 

Lower 1.1 23.0 0.005 0.19 

Combined 1.1 19.0 0.005 0.19 

Mean 

Standard 
Deviation 

Maximum 

Minimum 

STATISTICS FOR TOTAL RADIOCHEMICAL 
CONCENTRATIONS IN BACKGROUND ALLUVIAL 

BOREHOLE SAMPLES 

0.79 

0.79 

0.79 

0.28 

0.49 

0.38 

1.20 

1.82 

1.82 

0.23 

0.31 

0.23 

22 23 0.002 0.59 0.62 

8.4 6.64 0.007 0.04 0.03 

42.0 44.0 0.02 3.4 3.2 

3.0 6.0 -0.01 0.2 0.2 

410 

120 

260 

lo00 

350 

760 

3260 

lo00 

3260 

-220 

-160 

-220 

177 

118 

440 

-150 

Note: Reported tritium values do not include error. Values may be positive or negative. 
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5.0 RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION TASKS 

5.1 TASK 1 - PROJECT PLANNING 

Project planning for the implementation of the RFI/RI for OU12 will include numerous 

activities in addition to tasks completed as part of this work plan. Review of previous site 

investigations, review of the HRR, preliminary site characterization data, preliminary 

identification of potential ARARs, the development of DQOs, and a FSP have all been 

completed as part of this work plan and are contained in Sections 2.0, 3.0, 4.0, and 6.0, 

respectively. 

New information and data will be reviewed after approval of this work plan and prior to 

commencing field operations to assist in planning and coordination of preparatory activities 

for OU12. Such activities include coordinating with other field investigation programs 

occurring in the same vicinity as OU12, including OUlO and OU14; accommodating the 

special security requirements within high security areas; and health and safety concerns for 

field operations. Additionally, OU12 will include delineation of underground utilities and 

other related physical features for each IHSS prior to commencing field activities. 

Prior to RFI/RI field activities, newly generated data and historical data which has become 

available since preparation of this work plan will be compiled and evaluated. There are 

ongoing site investigations at other OUs and plant-wide studies which may provide data 

relevant to the OU12 investigation. Interviews with plant personnel will be conducted to 

40103-1\FSECT'10N.5 September 29, 1992 
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augment past release information and to identi areas where construction activities may have 

disturbed and/or removed portions of OU1 . Personnel in facility operations will be 

contacted to inquire about any additional inf I rmation that may be available about OU12 

structures and site conditions. Although 

preparation of this work plan, detailed 

at each site prior to mobilizing field 

IHSSs have been visually inspected during 

and clearance activities will be performed 

additional location and accessibility 

information. 
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Field activities proposed for OU12 will be 

for other nearby investigation sites to 

possible investigation sites near 

with ongoing or proposed field activities 

and maximize efficiency. The 

detail in Section 2.2. 

It is important to emphasize that project lanning and coordination will be required 

throughout the project duration to accommod te any unforeseen developments. Two project 

planning documents, one included in this wdrk plan, have been prepared for the OU12 

RFI/RI as required by the IAG. A FSP incl ded in this document presents the locations, 

1 
media, and frequency of sampling efforts. The i second document required by the LAG is a 

4 
Sampling and Analysis Plan (SAP) which incl des a QAPjP and SOPs for all field activities. 

A site-wide SAP has been prepared for the R , and is currently being revised in accordance 

with the LAG. QA procedures and SOPs that re used specifically for OU12 are referenced 

in this work plan. A n y  deviations from the Q jP or SOPs are documented as QA Addenda 

in Section 10.0 of this work plan, or as Docubent Change Notices (DCNs) to the SOPs. 

;b 
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Current community relations activities con erning environmental restoration include 

participation by RFP representatives in infor ational workshops; presentations at meetings 

of the Rocky Flats Environmental Monitoring ouncil; briefings for citizens, businesses, and 

surrounding communities on environmental re toration and monitoring activities; and public 

comment opportunities on various Environm 1 ntal Management (EM) Program plans and 

actions. RFP personnel involve several speci 1 interest groups in decisions that pertain to 

environmental restoration activities, includin the Rocky Flats Cleanup Commission, the 

recipient of the EPA Technical Assistant Grant. 
," 
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In addition, a Speakers' Bureau program p ovides RFP speakers to civic groups and 
educational organizations, and a public tours program allows the public to visit the RFP. 

The RFP also produces fact sheets and per odic updates on environmental restoration 

activities for public information and responds  to^ numerous public inquiries regarding the RFP. 

I 
i 
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5.3 TASK 3 - FIELD INVESTIGATION 

The OU12 RFI/RI field investigation is 

211oo-wP-ou12.l Manual: 
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designed to meet the objectives outlined in 

The specific objectives of the RFI/RI field investigation for OU12 are: 

Characterize the nature and extedt of contamination at each MSS; 
Support baseline risk assessment i cluding human health and the environment; and 

Support corrective measures es, feasibility studies, and treatability studies. 

The field investigation is designed to char cterize current sources and potentially affected 

media at each IHSS. Many of these sites re still active and may be active after the field i 
sampling program is concluded. 

activities are completed cannot 

ontamination that may occur after field sampling 

by this program. 

The field investigation developed for each( IHSS will consist of two major subtasks: 

Subtask 1 - Radiation Surveys, S rficial Soil Sampling, and Chemical Screening; 
and P 
Subtask 2 - Sediment Sampling, V dose Zone Monitoring, Soil Boring, and Monitor 
Well Installation. 

Additional field investigation 

migration throughout the 

following sections. These 

included in the plan to characterize potential 

of each subtask is presented in the 

detail in Section 6.0. 
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The initial task will consist of surface and 
sampling to first determine if contamination 

of the extent of contamination. In addition, 
will be determined. Screening techniques 

indicate general areas of radiological or chenxcal 

will include high purity germanium (HPGe:) 
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subsurface media screening and surficial soil 
exists, and then to provide preliminary definition 

the locations of footing drains and building sumps 
that provide real-time results will be used to 

contamination. Radiation survey techniques 

radiation surveys supplemented with Sodium 

5.3.2 

This task will consist of sediment zone monitoring, and a focused soil boring 
and ground water monitoring at appropriate IHSSs to investigate 

and quantify the extent of anomalous areas identified from 

screening results. The be determined from the results 

of Subtask 1. The the real time results of the 

Subtask 2 - Sediment Sarnrdine. Vadose Zone Monitoring. Soil Boring, and Monitor 
Well Installation I 
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volatile organic compound screening for soil as, soil and ground water, inorganic parameter 
screening, the HPGe survey for radionuclide in soil and asphalt, and the surficial soil sample 

analysis results for metals. The borings will e drilled to bedrock and soil samples collected 
and analyzed for suspect compounds includi g volatile organic compounds and metals. Soil 
sample analysis results will provide quantitati e data in anomalous areas tentatively identified 

in the screening program and be used to de i ine the extent of soil contamination. 

Ground water monitoring wells will also be i stalled based on results of the soil borings and 

the field screening subtask. If screening an soil boring results indicate that ground water 

vial monitor wells will be installed near the 
," 

is potentially affected by IHSS releases, 

water. Ground water samples will be 

in anomalous areas tentatively 

centers of the affected areas to evaluate of potentially contaminated ground 

to provide quantitative data 

and to define the extent 

of potential contamination associated with oU12 IHSSs. 

Vadose zone monitoringwill be conducted at 

Tensiometer nests will be installed to 

IHSS depending on screening t a s k  

General procedures and analytical paramet rs for sediment sampling, and soil boring and 

monitor well installation are described in Se tion 6.0 of this work plan. Refinement of these 

procedures may be required once screening ata have been collected. Any minor revisions 

or proposed changes to the work plan will bk presented in the RFI/RI report. Any major 

revisions will be the subject of technical meboranda as stipulated in the IAG. 

1 P 
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5.4 TASK 4 - SAMPLE ANALYSIS AND D A ~ A  VALIDATION 

Analytical procedures will be completed in acco dance with the ER Program QAPjP (EG&G, 

1991e). Analytical detection limits, sample con ainer and volume requirements, preservation 

requirements, and sample holding times are discussed I in Section 6.5. 

1 

Results of data review and validation activities '11 be documented in data validation reports. 

EPA data validation functional guidelines will be used for validating organic and inorganic 

(metals) data (EPA, 1988~). Data validation rn thods for radiochemistry and major ions data 

have not been published by EPA, but data nd documentation requirements have been 

developed by EM Program QA staff. Data vdlidation methods for these data are derived 
I' 

from these requirements. Details of the data v lidation process are described in the QAPjP 

(EG&G, 1991e). 
a 

Data will be reviewed and validated accordin to data validation guidelines in the QAPjP 

and the Data Validation Functional Guidelin I s (EG&G, 1990b). These documents state 

that the results of data review and validation ac ivities will be documented in data validation 1 
reports. ~ 

Data collected during the RFI/RI will be inc into the existing RFEDS database 

and will be used to better characterize the extent of contamination. RFEDs 

5.5 TASK 5 - DATA EVALUATION 

personnel will provide assistance in the early stdpes of sample collection and analysis in order 

to facilitate the addition of data collected 

Screening data will be stored in 

incorporated into RFEDS when 

RFI/RI to the existing RFEDs database. 

computerized data bases and will be 

results also will be used in determining 

the impact of OU12 on surface water, ground (water, sediments, air, the environment, and 
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Water, and Sediments Characterization 

biota, as well as the potential contaminant midration pathways at OU12. Additionally, data 

will be used to support the evaluation of proposed remedial alternatives and the BRA. 

The additional physical data collected during th RFI/RI will be incorporated into the existing 

55.1 Site Characterization 

site characterization. Water-level data and slu tests will be used to characterize the alluvial 

ground water flow regime. Provisions for rn nitoring vadose zone conditions will also be 

c 
f 1 

included. i 

Characterize the nature of source cdntaminants; 

Characterize the lateral and vertical 
soils; 

of contaminant sources in vadose zone 

Characterize the nature and extent of contaminants in ground water; 

Evaluate impact of potential OU12 c ntamination in surface water and sediments; 
and 0 
Evaluate on-site contaminant concerhtrations. 

Analytical data obtained from OU12 samples will be used to characterize the nature and 

extent of contamination. Data will be summari ed graphically and/or in tabular form to assist 

interpretation. Contaminant distribution ma s will be prepared to summarize the spatial 

distribution of soil and ground water conta .i nants. 
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those concentrations that exceed the 

considered likely evidence of contamination. 

ground values provided in the Final Background 

(EG&G, 1991d), recognizing that values 

the agencies as background. 
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site-dpecific background concentrations will be 

‘3ese data will be compared to sitewide back- 

Geochemical Characterization Report 

presented in that report are not yet accepted by 

inhalation, and dermal contact. Exposure pa 
air, and/or biota as transport media will be 

RFI/RI sampling program will be designed to 

5.6 TASK 6 - BASELINE RISK ASSESSMEh 

As required by the IAG, a BRA that will addr ss the risk associated with OU12 sources and 

affected media will be performed as part of th OU12 RFI/RI. This task includes a Human 

Health Risk Assessment and Environmental Epluation for OU12. The purpose of the BRA 

is to characterize the toxicity and levels of h ardous substances present, to characterize 

contaminant fate and transport, and to sess the potential for human health and 

environmental impacts or risks associated wit the site. The BRA is used to provide a basis 

for determining whether remedial actions  are^ necessary and to justify performing remedial 

actions. The Human Health Risk Assessment1 will address potential public health risks, and 

the Environmental Evaluation will address phtential ecological risks. 

I 
i= 

hways involving surface water, ground water, 

also quantitatively evaluated, if necessary. The 

generate data that meet the requirements set 
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in its initial stage; thus, remedial alternatives 

These assessments will aid in the 

contaminants of concern and the 

health and the environment. 

steps: 

screening of site remedies based on the 

edia associated with potential risks to public 

will be accomplished in four general 

1. 

2. Exposure assessment; 

3. Toxicity assessment; and 

4. Risk characterization. 

Data collection/evaluation (identification of contaminants of concern); 
, I 

I 

As stated in the IAG and the NCP, a risk ch racterization of current, future, or potential 

site condition scenarios will be developed. a 
The objectives and the description of work r the Human Health Risk Assessment are 

described in detail in Section 8.0. The 

in Section 9.0. 

Evaluation Work Plan is presented 

5.7 TASK 7 - DEVELOPMENT. SCREENIN&. AND DETAILED ANALYSIS 
OF REMEDIAL ALTERNATlVES ~ 
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Identify and evaluate process options 

I 

are not reviewed in this section. A 

OU12 will be performed as data are collecte 

evaluation of the remedial alternatives for 

for each technology group to select a process 

The process employed to develop and evaluat alternatives for OU12 will follow guidelines 

provided in the NCP. Although the CERCLA process will direct remedial investigations at 

OU12, RCRA regulations will also be conside ed. CERCLA specifies in greatest detail the 
f 
1 

steps that should be followed for selection of re 

compliance with both RCRA and CERCLA 
alternatives. The IAG requires general 

The steps followed to develop remedial alterdatives for OU12 are as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

Develop a list of general types 
containment, treatment, and/or re 
compliance with both RCRA and 

actions appropriate for OU12 (such as 
that may be implemented to ensure 

Identify and screen technology grouds for each general response action 

Assemble the selected representative 
action alternatives for OU12 that rep 

into site closure and corrective 
of treatment and containment 

combinations, as appropriate. 

Screen the assembled alternatives in 
three broad criteria: effectiveness, i and cost. 

of the short- and long-term aspects of 

Develop preliminary cancer 
Preliminary remedial action 
evaluating the effectiveness 
components of viable 
preliminary 

remedial action goals for affected media. 
performance objectives for 

processes identified as candidate 
As the CMS/FS evolves, 
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7. Remediation goals associated with 
the appropriate reference dose for 

non-cancer risk will be determined using 
chemical present on the site. 
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For the RFI/RI work plan, the appropriate 1 vel of alternatives analysis is the listing of 

general response actions most applicable to t e type of site under investigation. General 

response actions are defined as those broad cl ses of actions that may satisfy the objectives 

for remediation defined for OU12. Table 5. provides a list and description of general 

response actions and typical technologies associ ted with remediating soils, sediments, ground 

water, and surface water. Table 5.1 also iqcludes a general statement regarding the 

applicability of the general response action to otential exposure pathways. Not all of the 

alternative response actions and typical techn logies listed may be appropriate for OU12. 

Some may be discarded during the screening J f alternatives. 

i 
1 

The response actions outlined inTable 5.1 

that will be identified for OU12. In 

by prevention of contaminant 

response actions may be 

pathway (1) at the point 

the transport medium, 

applied to the potential exposure pathways 

potential human exposure can be avoided 

and/or contact. Thus, application of the 

points in each potential exposure 

released from the source, (2) in 
could occur with the released 

contaminant. 

The existing data do not adequately charac 

migration pathways for contamination at 

for implementing the screening of 

nature and extent of 

the source, release mechanisms, and 

the existing data are not sufficient 

RFI/RI will characterize the 
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Describe the physical characteristics of the site; 

Manual: 21100-WP-ou12.1 
Section No.: 
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Define current sources of contamination; 

Determine the nature and extent of c ntamination in soil, ground water, surface 
water, and sediment; 

Describe contaminant fate and transport; and 

Describe receptors. I 

These data will provide information for the reliminary screening of alternatives and a 

comparative evaluation of the technologies wit$ respect to implementability, effectiveness, 

and cost. I 
9 

5.7.2 Detailed Analvsis of Remedial Alternatives 

The detailed analysis and selection of s is the process of analyzing and comparing 

relevant information in order to remedial action. Each appropriate 

alternative will be assessed in criteria, and the assessments will be 

compared to identify the key Assessment in terms of eight 

Corrective Action Decision 

(CAD)/Record of criteria are as follows: 

evaluation criteria is 

1. Overall protection of human health a d the environment; 

3. 

4. 

5. Short-teim effectiveness; 

6. Implementability; 

Long-term effectiveness and permane ce; 

Reduction of toxicity, mobility, or voi me; 
1 y 

2. ARARs; 
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7. cost; 

8. State acceptance; and 

9. Community acceptance. 
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5.8 TASK 8 - TREATABILITY STUDIES/PI 
The primary purposes of a treatability study arc 

information and to reduce cost and performa 

treatment alternatives can be fully developed 

task includes efforts to evaluate whether tre 

prepare for and conduct treatability studies. If 

collected as part of the field investigation 

alternatives can be evaluated. If additional c 

investigations will occur. 

If it is determined that a treatability study is 

prepared. The plan will identify treatability 

test materials and equipment needed. 

5.9 TASK 9 - RFI/RI REPORT 

The OU12 RFI/RI report will be prepared tc 

during field work as well as data collected fx 
RFI/RI report will include a Preliminary Si 

OU12. This report will: 

40103-1\FSECTION.5 September 29, 1992 

,OT TESTING 

to provide sufficient technology performance 

ice uncertainties to acceptable levels so that 

and evaluated during detailed analysis. The 

itability studies are necessary and, if so, to 

remedial alternatives are developed, the data 

will be reviewed in terms of whether the 

ata are required, treatability studies or field 

xessary, a treatability work plan will also be 

:sts that need to be conducted as well as the 

:onsolidate and summarize the data obtained 

m previous and ongoing investigations. The 

! Characterization Summary and a BRA for 
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Present a BRA. The BRA will 
evaluations; 

~ Manual: 21100-WP-ou12.1 

include human health and environmental 
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Describe the field activities that se rvl e as a basis for the RFI/RI report. This will 
include the scope of the RFI/RI a 
occurred during implementation of 

any deviations from the work plan that 
field investigation; 

Discuss site physical conditions base existing data and data derived during the 
RFI/RI. This discussion will surface features, climate, surface water 
hydrology, soils), geotechnical soil index properties 
and classification, hydrology, demography and land use, 
and ecology; 

Present site characterization results om all RFI/RI activities to characterize the 
site physical features and contamina f ion including nature and extent at OU12; 

Discuss contaminant fate and based on existing information. This discus- 
of potential contaminant migration 

discussion of contaminant persistence, 
sion will include a 
routes, release 
chemical 

Present a summary of findings and cbnclusions; and 

Identify data needs, if necessary. 
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6.0 FIELD SAMPLING PLAN 

The purpose of this section of the work plan is to provide a field sampling plan (FSP) that 

will generate sufficient data to satisfy the RFI/RI objectives outlined in Section 4.0. 

Section 6.1 presents IHSS-specific objectives. Section 6.2 summarizes site background 
information and rationale for the sampling and analysis and other data collection activities. 

Section 6.3 discusses the field data collection locations and frequencies for each site. 

Section 6.4 describes field sampling procedures and equipment, and Section 6.5 describes 

the analytical program including sample designation, analytical requirements, sample 

containers and preservation, and sample handling and documentation. Descriptions of data 

management procedures (Section 6.6), QA/QC procedures (Section 6.7), and air monitoring 

and sampling procedures (Section 6.8) complete the FSP for OU12. 

The sampling locations and types presented in the FSP are designed to cover the entire 

IHSS as currently defined. Actual sampling will continue at each IHSS until the edge of 

contamination or another IHSS is encountered to fully define the extent of contamination. 

6.1 OU12 RFI/RI OBJECTIVES 

The specific objectives of the RFI/RI field investigation for OU12 are as follows: 

Characterize the nature and extent of contamination at each IHSS; 

Support human health risk assessment and environmental evaluation; and 

Support corrective 
40103-2\FSECTION.6 OcWr I ,  1992 
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Characterizing the nature and extent of contamination at each IHSS requires that the type 

of contaminant and its distribution in soil be characterized, and that the extent of migration 

to other media be determined. Results obtained from field sampling will be used to identify 

pertinent pathways and potential receptors identified in the site conceptual model, 

Section 2.5. 

The OU12 RFI/RI is designed to characterize potential current sources and potentially 

affected soils, ground water, surface water, sediment, and air at each IHSS. This FSP is 

designed to identify potential sources, affected soils and sediment, and locally characterize 

migration to ground water. Given the scope of this FSP to characterize these media, it is 

acknowledged that additional TM may be required to fully characterize the nature and 

extent of cmtamination. Air will be characterized using data collected under other sitewide 

programs. Surface water, building footing drains, and ground water are currently proposed 

to be investigated after evaluation of IHSS-specific soil, sediment, and ground water data. 

Additional proposed investigations will be presented in a TM to this OU12 RFI/RI Work 

Plan. 

Many of the OU12 IHSSs are still active and may be active after the field sampling program 

is concluded. Additional contamination caused by post-field sampling activities cannot be 

determined by this program. 

62 BACKGROUND AND FSP RATIONALE 

The design of a FSP for determining nature and extent of contamination requires an 

understanding of both the physical characteristics of the IHSS and the nature of potential 

sources of contamination. OU12 consists of 10 separate IHSSs that can be categorized by 

type and size: two are small loading docks less than 5,500 ft2 in area; two are backfilled 
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ponds used historically to impound cooling tower water; two are fiberglassing areas less than 

6,000 ft2 in area; one has a varied history that encompasses nearly 450,000 ft2 within the 400 

building area; two are associated with acid spills; and one was a storage yard approximately 

10,000 ft2 in area for machining equipment. Of the areas described above, six are located 

immediately adjacent to buildings and are partially or completely covered with concrete or 

asphalt. Two have entire buildings within their boundaries, and three have been backfilled 

or otherwise regraded. 

The nature of contamination at most of the OU12 sites is not specifically known. No data 

have been previously collected at OU12 IHSSs. Historical information presented in the 

HRR (EG&G, 1992c) provides general indications of the types of compounds that may be 

anticipated at the sites. In all cases, there is no documentation in the HRR which details 

the fate of any constituents released to the environment. Soils contamination could have 

resulted from historical spills, releases to air, storage of material, or ponding of liquids at 

most of these sites. Asphalt paving, concrete, or soil regrading has occurred after many of 

the historically reported incidents, removing visible evidence of spills or possible releases. 

Given the variable nature of the sites and their relatively brief histories, sampling programs 

have to be designed to be IHSS-specific. In general, the multi-task sampling approach 

described below will be used for determining the potential source locations and extent of 

contamination. The tasks are designed to provide data to refine subsequent tasks and 

include the following in order of occurrence: 

radiation survey of surface and shallow subsurface soils and asphalt; 

surficial soil sampling for radionuclides and nonradionuclides; 

40103-2\FSKTION.6 October 1. 1992 
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chemical contamination screening of soil gas, subsurface soils, and ground water; 

determination of the ground water hydraulic gradient using temporary well points; 

installation of soil borings and ground water monitor wells based on the radiation 
survey and chemical screening; and 

vadose zone monitoring, slug tests, and collection of appropriate geotechnical data 
to determine physical and chemical characteristics of contaminated media. 

This approach has been developed to allow for a systematic investigation of potentially 

contaminated media at each IHSS and at OU12 as a whole. In the event that the radiation 

survey, surficial soil sampling, and chemical screening indicates that no contamination is 

present at a sampling location, then soil borings and monitor wells will not be installed. 

Conversely, if contamination is detected during the performance of any of the tasks listed 

above, additional tasks will be conducted until the extent of contamination has been 

characterized. 

As agreed to by DOE and the regulatory agencies in OU12 scoping meetings, minor 

revisions to implementation of this FSP need only be reported in the RFI/RI report. Minor 

revisions include minor adjustments to screening and sampling locations warranted by site 

conditions. It was agreed that screening data and rationale for proposed locations of soil 

borings and monitor wells would be presented to and discussed with the regulatory agencies 

in lieu of a TM. One or more TM will be required if more than minor modifications are 
apparent. 

Components of this FSP approach are described in the following sections. The application 

of the FSP approach to each OU12 IHSS is described in Section 6.3. Specific equipment 

and procedures for these activities are described in Section 6.4. Provisions are included to 
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address those sites where concrete or asphalt is now present, but may not have been present 

when contamination could have occurred. Contingency plans are stated in the event 

proposed equipment J unavailable or ineffective, or if site conditions (such as concrete 

covered sites instead of exposed soil) vary from what is anticipated. 

6.2.1 Radiation Survev 

The initial task will consist of a surface and shallow subsurface media survey to first 

determine if significant radiological contamination exists compared to background, and then 

to provide preliminary definition of the extent of contamination. The proposed radiation 

survey techniques will provide real time results, will identify general areas of primary 

concern, and will allow subsequent field sampling tasks to be efficiently focused. Radiation 

survey techniques will include high purity germanium (HPGe) radiation surveys 

supplemented with gamma activity measurements using a sodium iodide (NaI) scintillation 

detector. The purpose of the NaI probe is to provide spatial resolution of surficial 

radioactivity detected with the HPGe. Surface samples of soil, concrete or asphalt, and 

vertical depth profile soil samples will also be collected to support HPGe surveys as 

described in Section 6.2.2. 

Radiation surveys will be conducted to document the character of surficial radionuclide 

contamination. HPGe radiation surveys conducted at OU12 IHSSs will be set up on a grid 

that provides total areal coverage, plus overlap. The HPGe gamma ray detector will be 

used which is capable of high resolution gamma ray spectroscopy enabling the identification 

and quantification of gamma-emitting radionuclides. The HPGe results will be 

supplemented with gamma activity measurements using a NaI probe, one of the best 

scintillators for detecting gamma photons. 
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The HPGe detector is mounted either on a tripod or vehicle and placed a set distance 

above the ground surface to measure gamma rays which originate from surface media. The 

detector height on the vehicle-mounted system can be varied to accommodate site specific 

conditions and more narrowly focus the field of view. The detector system integrates 

gamma radionuclide activity over the detector's "field of view," a volume defined by which 

90 percent of those gammas originating in the surface media are measured. As with most 

screening radiation detectors and measuring instruments, it is assumed that radionuclide 

distribution is relatively homogeneous over the field of view, and that the distribution varies 

only with depth. It is recognized that the assumption of homogeneity is probably not valid, 

however, the physics of all probes used to screen a surface for radionuclides requires this 

assumption. Supplemental gamma activity measurements will, therefore be taken with the 

NaI probe to better define anomalous areas within the HPGe field of view. In addition, 

surficial soil samples and depth profile samples will be collected to further define the HPGe 

results. HPGe results are typically reported as concentration per unit mass, picoCuries per 

gram (pCi/g). Detailed information on the capabilities of the HPGe detector is in 
Appendix G. Also included in the appendix is information regarding detector sensitivity, 

calibration, operation, and limitations. 

Gamma rays originating in the soil or surface media (typically asphalt pavement) are 

attenuated such that the number reaching the detector decreases exponentially with depth. 

The attenuation of the gamma rays is a function of the elemental composition of the soil 

or medium measured. The more dense the soils or surface media, the more gamma 

attenuation that will occur. Where soils are covered by asphalt or concrete, HPGe 

measurements will reflect the activity of the pavement, rather than the underlying soil. The 

capabilities of the HPGe detector provide greater areal coverage and higher quality results 

than G-M shielded and FIDLER instruments and pancake-type detectors outlined in the 
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IAG. FIDLER instruments provide relative comparisons of radioactivity at discrete survey 

points whereas HPGe detectors provide individual radionuclide concentrations over the 

entire area surveyed. 

EG&G currently has in-house capability to conduct HPGe field surveys using a tripod- 

mounted detector. The tripod-mounted detector has an approximate field of view of 14 

meters, or approximately 45 feet (ft). Technical information on the HPGe detector is 

provided in Appendix G. An SOP is currently in development. Vehicle-mounted HPGe 

instrumentation with a 60 meter, or approximately 195 ft, field of view is anticipated to be 

available for field use in late fall 1992. As described in Appendix G, the vehicle-mounted 

HPGe is six to eight times more sensitive than the tripod-mounted unit because it is 
equipped With more crystals and therefore, is the preferred detector for site use. Identical 

results of the same quality but at differing sensitivities are obtained from the tripod-mounted 

and the vehicle-mounted systems. This allows for direct correlation of the results from the 

two systems. The large grid spacing proposed for some OU12 IHSSs will be reduced if 

interferences from buildings require a more focused field of View, or replaced with a tripod- 

mounted detector, in the event that the vehicle-mounted HPGe either is not available or 

not effective for the field investigation. The SOP for vehicle-mounted HPGe field screening 

is currently under development. As a contingency, G-M shielded and FIDLER instruments 

and pancake type alpha detectors will be used at each OU12 IHSS where HPGe is currently 

proposed if the SOPS are not yet approved prior to OU12 field work, or if site conditions 

introduce other difficulties. 

62.2 
Surficial soil sampling will be conducted both for radionuclide and nonradionuclide analysis 

on established grids at each IHSS. Surficial grab samples, as described in GT.08, will be 

Surficial Soil. Amhalt, and Vertical DeDth Profile SamDling 
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collected at paved grid locations, and composite samples collected with the jig and scoop 

described in SOP GT.08 at exposed soil locations. Sampling equipment and procedures for 

collecting surficial soil samples for radionuclide and nonradionuclide analysis are in 

Section 6.4.2. Vertical depth profile soil samples will be collected at 0 to 2, 2 to 4, and 4 

to 6-inch vertical depth locations using the sampling equipment and procedures described 

in Section 6.4.3. Concrete or asphalt samples will be collected at survey points with 

anomalous surface activity. Equipment and procedures for collecting concrete and asphalt 

samples are described in Section 6.4.4. 

Surficial soil samples will be collected using one methodology for both radionuclide and 

nonradionuclide analysis but different methodologies depending on whether the location is 

paved or has exposed soil. For paved locations, grab samples will be collected using the 

grab sampling methodology in SOP GT.08. The samples will be collected from the soil 

substrate underlying base materials immediately beneath the pavement. At exposed soil 
locations, samples will be collected with the jig and scoop described in SOP GT.08. One 
composite sample will be collected, with subsarnples located in the center and four comers 

of a one meter square area. 

Vertical depth profile samples will be collected at a subset of the exposed soil HPGe survey 

locations to determine the vertical extent of radionuclide contamination. Vertical depth 

profile samples will be collected at 0 to 2,2  to 4, and 4 to 6-inch vertical depths at locations 

determined after the survey results are evaluated. This information is only required ‘m 

exposed soil or gravel sites to determine the vertical distribution of gamma-emitting 

radionuclides contributing to the HPGe survey readings. Vertical depth profile samples are 

not proposed under concrete or asphalt because these dense surfacing materials attenuate 

gamma rays and no correlation can be made between surface HPGe measurements and 
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vertical distributions in underlying soils. 

measured onsite for radionuclide concentration using a laboratory HPGe. 
The vertical depth profile samples will be 

Surficial soil and vertical depth profile sampling at the gridded locations using the field 

HPGe will be supplemented by analysis of additional surficial soil samples, if necessary, and 

concrete or asphalt samples using a laboratory HPGe. Additional surficial soil samples may 

be collected at nongrid locations to allow correlation of remote and direct HPGe 

measurements and to quantify anomalous readings from the NaI probe. Surficial soil 

samples and concrete or asphalt samples will be stored in containers for 30 days to allow 

radon gas to equilibrate with parent radionuclides present in the material matrix. After 30 

days, an onsite laboratory HPGe will be used to detect concentrations of gamma-emitting 

radionuclides in the samples. These data will be used to guide further investigation of 

anomalous radioactive areas. All samples analyzed using the laboratory HPGe will be 

retained until the results of the analysis have been evaluated. Duplicate soil samples will 

be collected at a subset of sample locations and analyzed in a radiochemistry laboratory to 

determine the concentration of non-gamma emitting radionuclides and to confirm the HPGe 

detector measurements. 

The 30-day lag time for HPGe analysis is not real time, per se, but is more advantageous 

than the six to nine month turn-around time currently experienced for laboratory 

radionuclide analysis. The availability of a laboratory HPGe however, is key to 

implementation of this plan. An SOP for laboratory HPGe field screening is currently 

under development, and the laboratory HPGe is scheduled to be available by Spring 1993. 

In the event a laboratory HPGe is not available by the time OU12 field work commences, 

samples will be sent to a radiochemistry laboratory for analysis. Sampling equipment and 

procedures for conducting the radiological surveys are presented in Section 6.4.1. 
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6.2.3 Sediment SamDling 

To investigate potential migration of surficial contaminants through surface water runoff, 

drainage paths identified at specific IHSSs may also be sampled to determine if compounds 

have migrated from the site via surface water to drainage ditches. At IHSSs where historical 

information indicates runoff could have been impacted, sediment samples will be collected 

along likely runoff pathways according to EMD SOP SW.6 and analyzed for suspected 

compounds including TCL volatiles (if water saturated), TAL metals, radionuclides, and 

PCBs. Sampling equipment and procedures €or sediment sampling are described in 

Section 6.4.5. 

6.2.4 Chemical Screening 

Field screening methods for nonradioactive contamination will be used to detect the general 

location and possible extent of historical spills or releases. As with the radiation survey, 

these field screening methods provide real-time results from which a focused and efficient 

field sampling program can be conducted. The equipment selected to conduct field 

screening is portable, efficient, and provides quality results from which to base further 

investigations. Field screening will emphasize the use of soil gas sample collection and 

analysis, with the ability to collect and analyze soil and ground water screening samples to 

identify extent of contamination migration. In addition to the soil gas surveys outlined in 

the IAG, the field screening activities included in this FSP offer the ability to achieve an 

early indication of location and downward migration of contaminants. 

An all-terrain vehicle (ATV) equipped with an hydraulic probing rig is capable of driving 

1-inch diameter probe rods up to 35 ft in favorable subsurface conditions to allow collection 

of soil gas, soil, and ground water screening samples. Soil and ground water screening 

samples will be collected at a subset of soil gas sampling points after evaluation of soil gas 
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results to verify and delineate soil gas anomalies. The vehicle and rig are ideal for OU12 

work, much of which is paved, and is close to buildings, structures, and overhead utility lines. 

The hydraulic rig is capable of effectively cutting through asphalt and concrete. A mobile 

laboratory equipped with a gas chromatograph (GC) will be brought onsite to analyze soil 

gas, soil, and ground water screening samples collected using the hydraulic rig. The mobile 

laboratory will provide real-time results for volatile organic compounds in these media. 

Screening methods are also being investigated for detecting inorganic compounds in soil and 

ground water screening samples including x-ray fluorescence for detecting metals in soils, 

and colorimetric or turbidimetric field test kits for determining presence of hexavalent 

chromium, nitrate, and sulfate in ground water. RFP currently has x-ray fluorescence 

capabilities in onsite laboratories. Mobile units are anticipated to be available in the future 

although the schedule is indefinite and SOPs do not exist. Anticipated delays in obtaining 

mobile x-ray fluorescence units useful for field screening resulth their exclusion from the 

Final OU12 RFI/RI Work Plan. If x-ray fluorescence units become available for field use 

before OU12 field work begins, and the screening results they can provide are determined 

to satisfy data needs, a TM and any necessary SOPs will be submitted to the agencies. 

Initially, soil gas sampling points will be established on a standard grid at each IHSS with 

potential volatile organic contamination. Grid size selection is discussed in Section 6.3. The 

rig will be set up on each point, and will cut through overlying concrete or pavement if 

present. To collect a soil gas sample, the sampling probe will then be driven to a depth of 

5 ft, the retracting tip will be pulled back, and a vacuum applied to obtain the soil gas 

sample. The sample will be analyzed in the mobile laboratory for volatile organic 

compounds listed in Table 6.4 and results will be obtained within minutes. Adjacent 

samples from each IHSS will be compared to derive trends in the soil gas results. 
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In target areas defined from soil gas results, soil screening samples will be collected using 

a Kansas-type soil sampler driven with the hydraulic rig and analyzed for volatile organics 

at the mobile lab. It is anticipated that soil screening samples will be collected at 

approximately 50 percent of soil gas locations. Using results of the soil gas and soil 

screening, the probe will be advanced to ground water at select survey locations, and a 

ground water screening sample collected through dedicated tubing inserted through the drill 

rod and analyzed in the mobile laboratory. It is estimated that ground water screening 

samples will be collected at approximately 25 percent of soil gas locations. The procedures, 

SOP status, and equipment used for field screening activities are discussed in Section 6.4.6, 

and further information on the use of the hydraulic rig is in Appendix H. 

6.2.5 Temporary Well Point Installation 

Temporary well points will be installed in ground water screening locations in IHSS 157.2 
that are selected after evaluation of all field screening data. The temporary well points will 

be used to obtain equilibrated ground water elevation data local to IHSSs at which 

screening results indicate potential ground water contamination and to determine the local 

hydraulic gradient. Temporary well points will be secured from tampering at the surface 

and grouted in place once data have been collected. Procedures and equipment required 

for well point installation are discussed in Section 6.4.6. 

6.2.6 

Using results of the screening and sampling activities described above, a soil boring and well 

completion program will be conducted to investigate and quantify the extent of 
contamination at potentially anomalous areas. For planning purposes, approximately 20 to 

25 percent of the soil gas sampling sites will be further investigated by soil borings. Boring 

will be drilled using hollow-stem auger techniques in potential source areas within IHSSs, 

Soil Borinv and Monitor Well Installation 
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e 
and will extend to the water table. SOPs for borehole installation and sampling will be 

followed as described in Section 6.4.7. Soil samples will be collected and analyzed for one 

or more of the following parameter groups: radionuclides, target compound list (TCL) 

volatile organic compounds, target analyte list (TAL) metals, selected anionic constituents, 

and soil pH. Soil samples will be collected and analyzed to confirm screening results, 

provide quantitative data, and to define the extent of soil contamination. Hydraulic testing 

of wells will be conducted as described in Section 6.2.7.2. 

Alluvial ground water monitoring wells will be completed based on results of the field 

screening and soil boring programs. Alluvial monitoring wells will be installed at IHSSs 
where history, screening data, and soil boring data indicate ground water may have been 

contaminated. All monitoring wells installed during the RI/RFI process will be sampled 

quarterly for one year. Validated data will be presented in the RFI/RI report. Subsequent 

sampling rounds will be discussed in TM. RFP SOPs for monitor well installation, 

completion and sampling will be followed as described in Section 6.4.9. 

e 

General procedures, analytical parameters, and tentative locations for soil boring and 

monitor well installation are described in this work plan. Minor refinement of the locations 

may be required once screening data have been collected and will be documented in the 

RFI/RI report. Any significant revisions to procedures, methodologies, or data needs 

described in this work plan will be the subject of work plan addenda prepared in the form 

of technical memoranda as specified in the IAG. 

6.2.7 Other FSP Activities 

Other activities conducted within the soil boring and monitor well tasks described above 

include vadose zone monitoring, estimation of hydraulic conductivity of alluvial materials 
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using slug tests, and geotechnical data collection. The OU12 work plan will also include a 

provision for investigation of surface water, footing drains, and ground water based on 

evaluation of soil, sediment, and ground water data. Such investigations, if necessary, will 

be outlined in OU12 technical memoranda, 

6.2.7.1 

The applicability of vadose zone monitoring and sampling techniques in the OU12 area will 

be assessed based on results from the screening tasks of this FSP. Vadose zone monitoring 

is of particular interest for those IHSSs with exposed soil. Approximately 75 percent of the 

OU12 area is covered by impervious materials, limiting infiltration and percolation 

mechanisms throughout much of the area. The spatial relationship of potential contaminant 

sources to areas of exposed soil which can serve as conduits for infiltration and ground 

water recharge will, however, be identified. The following methods will be evaluated for 

use. 

Vadose Zone Sampling and Monitorinq 

One method to measure soil moisture profiles at IHSSs with exposed soil is through the use 

of vertically-nested tensiometers or equivalent instruments. Tensiometers can be inserted 

by drilling small diameter boreholes either with hand augers or with the ATV-mounted 

hydraulic probe. Subsurface geologic conditions may limit the success of these installation 

methods, although other methods exist. Transducers connected to the tensiometers produce 

in situ readings of soil-water pressure which are recorded electronically in digital form. Soil- 

water pressure measurements are then used to determine response of vadose zone moisture 

to precipitation events, and to evaluate whether soil wetting fronts reach the water table. 

In areas where infiltration is found to reach the water table, a potential method to be used 

in evaluating the mobility of contaminants present in the vadose zone is leachability tests. 

Leachability data are used to substantiate whether individual IHSSs are current contributors 
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to observed ground water contamination. Procedures for vadose zone monitoring and 

leachability testing are relatively site specific, and no EMD SOP currently exists to globally 

address these activities. It is likely an OU12-specific SOP will be required. Information on 

typical vadose zone monitoring equipment and procedures is in Section 6.4.8. 

6.2.7.2 Slug Tests 

Slug tests will be attempted in all wells completed in the OU12 area for use in determining 

hydraulic conductivity and transmissivity of the alluvial ground water system. Slug tests will 

be conducted in accordance with SOP GW.4. Injection tests may be required at existing 

piezometer locations only, where hydraulic conditions preclude the utility of slug tests, and 

will be conducted in accordance with SOP GW.3. 

6.2.7.3 Geotechnical Data 

A minimum of two soil samples will be collected for the analysis of physical parameters 

from each sedimentologic unit encountered while drilling soil borings at each IHSS. 

Continuous coring methods will allow collection of relatively undisturbed samples for testing 

of physical parameters. These samples will be tested to determine moisture content, 

mineralogic composition, and grain size distribution using both sieve analysis and 

hydrometers. Bulk density, specific density, porosity, and saturated hydraulic conductivity 

will be estimated from these data and literature values. A minimum of two saturated and 

unsaturated samples will also be collected from each IHSS for the determination of total 

organic carbon (TOC) content, cation exchange capacity, and soil pH. This physical 

information is necessary for conducting the baseline risk assessment and evaluating the 

feasibility of future remedial actions. 
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6.3 SAMPLING LOCATION AND FREOUENCY 

This section describes the specific field investigations proposed for each IHSS including 

sample locations and frequencies. Table 6.1 presents a summary of the proposed field 

investigations program for each IHSS in OU 12. Table 6.1 also shows a comparison of the 

proposed activities to those outlined in the IAG, and the reasons for any discrepancies. 

Sampling activities and analytical parameters for this OU12 FSP are based on IHSS-specific 

conditions and historical use, and are designed to define the nature and extent of 
contamination at OU12 IHSSs and investigate potential migration pathways. 

There are no previous data available at any of the OU12 IHSSs to bias the location of 

proposed sample points. The only available information on the IHSSs are descriptions of 

historical use, and documentation of historical spills and releases which are included in the 

HRR. In most instances, the exact location of reported releases was not given, and many 

of the releases were not verified. Clean up activities, if any, were not documented. 

Therefore, in designing the field sampling program, consideration was given to defining the 

location and extent of possible historical releases with an acceptable level of confidence in 
the data. Because that level of confidence is a direct reflection of data quantity and quality, 

the objectives of the program were to provide adequate data for statistical evaluation. The 

quality and quantity of the program will be evaluated using methods described in 

Section 4.0, Data Requirements and Data Quality Objectives. 

The field sampling program described in Section 6.2 and applied to each IHSS in the 

following sections provides for screening and surficial soil sampling to be initially completed 

on a standard grid, with additional sample points added to further define anomalous 

readings. The use of quick and relatively inexpensive screening methods allows for the 

determination of general site conditions, as well as to qualitatively identify contaminated 
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areas at each IHSS. It is realized the success of such methods is somewhat dependent on 

subsurface geology in the OU12 area. 

The approach used to determine grid spacing and sample locations for the different 

screening and sampling activities within this work plan considered not only statistics as 

described below and site history, but the capabilities of the technologies used. For example, 

the vehicle-mounted HPGe radiation surveys proposed in this plan provide soil 
concentration results representing an approximate 195-foot (ft) diameter circular area, not 

just a single point. Therefore, grid spacing for HPGe radiation surveys is set at 150 ft for 

large areas, which provides for total coverage of a site. Tripod-mounted HPGe surveys are 

established on a 30-ft grid to supplement vehicle-mounted surveys and the NaI probe is 

conducted on even a finer grid, 15 ft or less. The vehicle-mounted HPGe is unable to 

remotely detect radionuclides present in soils beneath concrete or pavement. Surficial soil 

samples will therefore be collected in concrete or paved areas on uniform grids for direct 

radionuclide measurement. In exposed soil areas, where the vehicle-mounted HPGe 

measurements are representative of radionuclide activities in soil, minimal numbers of 
confirmatory surficial soil and depth profile samples will be collected. 

The statistical approach used to determine the sample location is taken from a method 

developed by Gilbert (1987) and is also presented in EPA documentation (EPA, 1989b). 

This method allows for the determination of a sampling grid spacing dependent on a target 

contaminated area size and specified confidence. This method assumes the following: the 

target is circular or elliptical; samples are collected on a square, rectangular, or triangular 

grid; the area between the grid points is much larger than the actual area defined sample 

collection and analysis sampled; and the definition of the contaminated area is clear and 
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unambiguous. The last assumption is difficult to meet at OU12 IHSSs because the size of 

the reported spills or releases is not known. 

The acceptable probability (B) of not finding the target contaminated area is specified as 0.1 
or 10 percent, in accordance with EPA guidance (EPA, 1990). A triangular grid was chosen 

because studies have shown that triangular grids are less likely to fail to identify a given 

target than square grids (Gilbert, 1987). Based on the Gilbert methodology, triangular grids 

spaced approximately 25 ft are within acceptable probability of not finding an elliptical 

contaminated area approximately 50 ft by 25 ft in size. The sizes of the smaller OU12 

IHSSs are greater than 50 ft by 25 ft, but spill areas within the IHSSs may be smaller. 

Likewise, a triangular grid with samples spaced a maximum of 100 ft apart provide an 

acceptable probability of not finding an elliptical contaminated area approximately 50 ft by 

100 ft in size. The larger IHSSs are all greater than 50 ft by 100 ft in size, but potential 

anomalous areas within them may be smaller. 

The soil gas and surficial soil sampling programs will be established on 25-ft triangular grids 

at most OU12 IHSSs that are less than 10,000 ft2 in area, with provisions for additional 

points to be added in suspect locations (i.e. soil staining near doors of loading docks or 

where drum handling activities are associated with likely spills). The starting grid point at 

each site is chosen using random methods described in EPA guidance (EPA, 1989b). At 

IHSS 136.2, impoundment of cooling tower blowdown water reportedly occurred within an 

approximate 15,000 ft2 area. Surficial soil sampling, and soil and ground water screening 
are proposed at an approximate 25-ft grid. At IHSS 157.2, which encompasses an area 

approximately 450,000 ft2, soil gas and surficial soil sampling will be conducted on a 50-ft 

grid. Additional samples will be collected midway between grid nodes if anomalous 

screening results are obtained. HPGe radiation surveys will be conducted on a 15043 
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triangular grid spacing, or 30-ft grid for the tripod-mounted detector. NaI probe locations 

are set at 15-ft grid or less. Additional surficial samples may be collected midway between 

survey points with radioactivity in excess of preliminary remedial action criteria. Such 

additional points would be determined in the field. 

The screening data will be assembled and summary statistics (including coefficient of 

variation and power) will be calculated for each IHSS and each parameter. Should the 

computed power fail to meet the requirements of the risk assessment, additional samples 

will be collected and analyzed. The number of additional samples that will be collected will 

be determined using calculations provided in EPA guidance (EPA, 1990). 

The additional samples will be located using geostatistical techniques. Unlike classical 

statistics which assume independence of samples, geostatistics assumes that the data are 

spatially correlated. Using this analytic approach, the mean concentration and variance of 

the mean can be estimated at any given location in the contaminated area, and decisions 

about where additional samples should be collected can be objectively made. 

As a first step in this process, the spatial interdependence of samples in two dimensions will 

be expressed through the development of calculated, and then modeled, semivariograms. 

The semivariograms will provide a measurement of the uncertainty that exists when a 

sample concentration is used to estimate the concentration of a contaminant in soil in the 

surrounding area. 

Second, mean concentrations will be estimated across the contaminated area with the 

geostatistical method referred to as kriging. Kriging uses the information from the 

semivariogram to find an optimal set of weights that allow estimation of concentrations at 
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unsampled locations. The kriged estimates will be displayed in the form of a contour map 

showing sampled and estimated concentrations throughout the IHSSs. 

Unlike contour maps prepared with conventional contouring algorithms, a kriged contour 

map has certain optimal statistical properties. Most important, the method provides 

measures of the error or uncertainty of the contoured surface (Davis, 1986). Therefore, a 

separate contour map of the standard error of the estimate (error map) will be prepared in 

addition to the map of contaminant concentrations referred to above. The standard error 

is a confidence band about the estimate. Additional samples will be located in areas with 

the highest standard error. 

6.3.1 

There are no documented releases on the West Loading Dock, but materials potentially 

stored on or near the dock include nonradioactive solvents and oil, and manufacturing 

operations in Buildings 444 and 447 may have resulted in radioactive contamination in the 

area of the loading dock. The dock is used actively, and overhead piping extends north- 

south in the western portion of the site. Two long, narrow strips of exposed soil extend 

across the site, but much of the remainder of the area is paved with asphalt. It is unknown 

when pavement was placed at the site. A shed is located on the eastern portion of the site, 

and renders this area of the IHSS inaccessible. Two storm water drains are located in or 

near the IHSS that drain areas inside and outside the IHSS boundary. Two inactive storm 

drains were observed, filled with dirt and debris. 

West Loading Dock (IHSS 116.11 

6.3.1.1 

A radiation survey using tripod-mounted and vehicle-mounted HPGe detectors will be 

conducted under IHSS 157.2, Radioactive Site South as shown on Figure 6-1. The locations 

Radiation Survey. Surficial Soils. and Chemical Screening 
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for the vehicle-mounted HPGe detector are spaced on a 150-ft grid that encompasses this 

IHSS. In addition, a tripod-mounted detector will be used at IHSS 116.1 to supplement the 

vehicle-mounted survey. A NaI probe will be used to survey a minimum of eighteen sample 

locations to supplement the HPGe survey. Vertical profile samples will be collected in 
exposed soils at two NaI probe locations. Three asphalt samples will be collected at NaI 

probe locations and analyzed with the laboratory HPGe. 

The remainder of the field sampling program for IHSS 116.1, West Loading Dock, is 

depicted on Figure 6-2. A minimum of eight surficial soil sampling points will be 

established on a 25-ft grid, and measured with the laboratory HPGe. Eight surficial soils 

will be collected and analyzed for TAL metals. At two randomly selected surficial soil 

sampling locations, duplicate samples will be collected and sent to a laboratory for 

radionuclide analysis. 

Sediment samples will be collected in three locations, one from each of the debris filled 

drains, and one from the storm drain west of the IHSS, if adequate sample volume can be 

collected. Sediment samples will be analyzed for volatiles (if saturated), radionuclides, 

metals, and polychlorinated biphenyls (PCBs). 

Soil gas techniques will be used at this IHSS because history indicates potentially spilled 

wastes included solvents or volatile hydrocarbons. Soil gas data collection points will be 

located on an approximate 25-ft grid as shown on Figure 6-2. A minimum of eight soil gas 

points are proposed. Soil gas samples will be analyzed in the mobile laboratory for volatile 

organic compounds as indicated in Table 6.4. 
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Based on results of the soil gas survey, soil and ground water screening samples will be 

collected and analyzed for volatile organic compounds in the mobile laboratory. A 

minimum of four soil and two ground water screening samples will be collected and 

analyzed at IHSS 116.1. Additional screening points may be added to further define 

contamination. 

6.3.1.2 

A minimum of two ground water screening locations will be drilled using hollow stem auger 

techniques. The borings will be advanced to the water table or 6 ft beneath the alluvial 

bedrock contact whichever is encountered first. The anticipated depth of boreholes at this 
site is 20 ft. Using the sampling methodology described in Section 6.4 of this report, a 

minimum of four discrete soil samples from each boring will be collected and analyzed for 
RF'P target compound list (TCL) volatile organic compounds and a minimum of four 

composite soil samples will be analyzed for target analyte list (TAL) metals, PCBs, and 

radionuclides. 

Soil Borings and Monitor Wells 

One of the planned borings will be advanced to a depth of 3 ft below bedrock and 

completed as a monitoring well. A tentative location for the monitoring well is shown on 
Figure 6-2. The final location of the monitoring well will be determined after evaluation 

of field screening data. The remaining boring will be abandoned as described in 

Section 6.4.6. Depth to ground water is expected to be approximately 15 ft below grade, and 

total depth of the boring will be approximately 28 ft. The top of the screen will be placed 
approximately 8 ft above the water level and will extend through saturated alluvium. The 
total depth of the well is anticipated to be approximately 28 ft. The well will be developed 

and sampled and analyzed for TCL volatiles, TAL metals, PCBs, anions, and radionuclides 
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Installation of additional ground water monitoring wells will be dependent on results of 

radiation surveys, field screening, surficial soil, sediment, soil boring, and monitoring well 

results. 

6.3.2 

There are documented releases that occurred at the South Loading Dock, including releases 

of uranium to the dock from stored drums, and from a small fire. Until 1970, the practice 

was to dispose of chlorinated solvents used to rinse beryllium parts on the ground near the 

dock. Air sampling conducted in 1977 in response to solvent dumping, found the area well 

below EPA standards, therefore, no soil cleanup activities were conducted. The dock is in 

active use, and is fully covered with concrete. 

South Loading Dock (IHSS 116.21 

The field sampling program for the South Loading Dock is depicted on Figures 6-1 and 6-3. 

The sampling program designed for this dock is similar to that designed for the west loading 

dock, with minor variations. 

6.3.2.1 

A radiation survey using a vehicle-mounted HPGe detector will be performed on a 150-ft 

grid, under IHSS 157.2, Radioactive Site South. In addition, a tripod-mounted detector will 

be used at WSS 116.2 to supplement the vehicle-mounted survey. A NaI probe will be used 

to survey a minimum of seven sample locations to supplement the HPGe survey. A 
minimum of three asphalt samples will be collected, one at the HPGe survey location, and 

two at NaI probe locations. 

Radiation Survey. Surficial Soils. and Chemical Screening 

A minimum of four surficial soil samples will be collected on a 25-ft grid spacing for 

laboratory HPGe measurement and laboratory analysis for TAL metals. These surficial soil 
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samples will be held for 30 days, and surveyed with a laboratory HPGe detector to estimate 

individual radionuclide concentration. Two randomly selected duplicate surficial samples 

will be sent to an offsite laboratory for radionuclide analysis to confirm HPGe results. 

Sediment samples will be collected at a minimum of three locations in the ditch south of 
the loading dock. Samples will be analyzed for volatiles (if saturated), radionuclides, metals, 

and PCBs. 

A minimum of four soil gas samples will be collected. Soil gas samples will be analyzed for 

volatile organics in the mobile laboratory. A minimum of four soil screening and two 

ground water screening samples will be collected at the soil gas survey locations and 

analyzed for volatile organics in the mobile laboratory. a: 
6.3.2.2 

A minimum of two soil borings will be auger-drilled to the water table or 6 ft into the 

alluvial bedrock contact (whichever is encountered first) at anomalous areas to further 

define the extent of potential contamination. Using the sampling methodology described 

in Section 6.4 of this report, a minimum of four discrete samples from each boring will be 

analyzed for TCL volatiles, and a minimum of four composite samples will be analyzed for 

TAL metals and radionuclides. 

Soil Borings and Monitor Wells 

Well 19689, located approximately 100 ft downgradient of the South Loading Dock, may 

provide contaminant and water level information for this LHSS. However, a minimum of 

one well will be installed at MSS 116.2 at one of the borehole locations. A tentative 

location for the monitoring well is shown in Figure 6-3. The final location will be 
determined in the field and based on the results of the field screening. The borehole will @- 
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be advanced to 3 ft below the bedrock contact, or a total boring depth of approximately 

25 ft. Depth to ground water is estimated to be approximately 12 ft at IHSS 116.2. Screen 
placement will be approximately 8 ft  above the water table and extend through the full . 

alluvial thickness. Total depth of the well is anticipated to be 22 ft. This well will be 

developed following completion, and the ground water will be sampled and analyzed for 

TCL volatiles, TAL metals, anions, and radionuclides. Installation of additional ground 

water monitoring wells will be dependent on results of radiation surveys, field screening, 

surficial soil, sediment, soil boring, and monitor well results. 

6.3.3 

The West Cooling Tower Pond (IHSS 136.3 in the IAG) was renumbered as MSS 136.1 in 

the HRR (EG&G, 1992~). The West Pond was historically used to impound cooling tower 

blowdown which may have contained hexavalent chromium in the form of chromate. The 
HRR also indicated that lithium and small amounts of depleted uranium may have been 
buried at the ponds. This pond is clearly observed in aerial photographs from 1969 in 
Figure 2-8. 

Cooling Tower Pond West of Building 444 (IHSS 136.1) 

The field sampling program for IHSS 136.1, West Cooling Tower Pond, is depicted on 
Figure 6-4. The boundaries of the IHSS, as shown on Figure 6-4, extend beneath 

Building 460 into areas that will be inaccessible for this investigation. The cooling tower 

pond was backfilled and is currently paved over. The sampling plan for the pond is not as 

detailed on the surface as it is for subsurface investigations. 

6.3.3.1 

Radiation surveys using a vehicle-mounted HPGe detector will be performed on a 150-ft 
grid throughout the pond area, under IHSS 157.2, Radioactive Site South. Asphalt samples 

Radiation Survev. Surficial Soils. and Chemical Screening 
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and NaI probe surveys will be conducted within the IHSS 157.2 radiation survey as indicated 

on Figure 6-1. 

A minimum of four surficial soil grab samples will be collected from beneath the pavement 

on a 25-ft grid spacing. As described for other paved IHSSs, surficial soil samples will be 
held for 30 days, surveyed with a laboratory HPGe detector, and submitted for laboratory 

analysis of TAL metals. Two duplicate surficial samples will be sent to an offsite laboratory 

for radionuclide analysis to verify the HPGe results. 

One sediment sample will be collected from a storm drain in the southwest portion of the 

IHSS, if enough sample volume is present in the drain. The sediment sample will be 

analyzed for volatiles (if saturated), radionuclides, metals, and PCBs. 

A minimum of four soil and two ground water screening samples will be collected. Soil 

cores will be collected at 2-ft intervals to identify possible staining, fill, or native soil 
horizons possibly associated with the ponds. Ground water samples will be screened using 

colorimetric screening methods capable of detecting hexavalent chromium concentrations 

as low as 0.1 milligrams per liter. 

6.3.3.2 Soil Borings 

A minimum of two soil borings will be drilled to the water table or 6 ft into the bedrock 

contact (whichever is encountered first) at the MSS 136.1 location to characterize lithology 
and to collect samples for laboratory analysis. The estimated total depth of these soil 
borings is 20 ft. The boring program will be established using the results of field screening 

methods for hexavalent chromium. The borings will be drilled and sampled using the 

sampling methodology described in Section 6.4 of this report. A minimum of four composite 
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samples from each boring will be analyzed for TAL metals and radionuclides. Soil samples 

from this site will be analyzed both for hexavalent and total chromium. 

Installation of ground water monitoring wells will be dependent on the results of radiation 

survey, field screening, surficid soil, sediment, and boring programs. 

6.3.4 

The East Cooling Tower Pond is located in the vicinity of the ditch immediately east of the 

400 area security fence as shown in Figure 2-10. An outside contractor, Dowell, used it for 

only a few days in May 1956. In October, 1956, the empty pond was backfilled although 

standing water was frequently observed in the general location at this IHSS in post-1956 

historical photos. 

Cooling Tower Pond East of Buildinp 444 (IHSS 136.2) 

The use of the East Cooling Tower Pond is similar to the use described for the West 

Cooling Tower Pond. The liquids in the pond were likely to contain hexavalent chromium 

in the form of chromate. Either the east or west pond may have contained cleaning 

solutions from one of the cooling towers, although cleaning solutions in cooling towers 

typically consist of acids and inorganic compounds. The HRR indicates an oily sheen was 

historically observed on the pond surface by an interviewed employee. 

The field sampling program for IHSS 136.2, East Cooling Tower Pond, is depicted on 
Figures 6-1 and 6-5. The area has exposed soil and a north-south trending ditch extends 

through the IHSS. The location of the historical pond is not visible in the field other than 

the path of the ditch. This drainage ditch could also have been what was identified as a 

pond in aerial photographs. 
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6.3.4.1 Radiation Survey. Surficial Soils. and Chemical Screening 

Radiation surveys using a vehicle-mounted HPGe detector will be performed on a 15043 
grid throvghout the pond area, under IHSS 157.2, Radioactive Site South. In addition, a 
tripod-mounted detector will be used at a minimum of six locations at IHSS 136.2 to 
supplement the vehicle-mounted survey. The detector will be set up at locations spaced 

30 ft apart in the approximate center of the IHSS. A NaI probe will be used to survey a 
minimum of 24 sample locations to supplement the HPGe survey. Vertical depth profile 
samples will be collected at exposed soils at a minimum of three locations in IHSS 136.2. 

A minimum of eleven surficial soil samples will be collected on a 25-ft grid spacing to 
characterize surficial soils. The samples will be surveyed With a laboratory HPGe detector 

to estimate isotopic radionuclide concentration. Three duplicate samples will be collected 

and sent to a laboratory for confirmation of HPGe results. Surficial soils will also be 
submitted for laboratory analysis of TAL metals. 

Sediment samples will be collected at a minimum of four locations in the ditch that extends 

through the IHSS. Samples will be analyzed for volatiles (if saturated), metals, 

radionuclides, and PCBs. 

A minimum of six soil and three ground water screening samples will be collected using the 

hydraulic probing rig. Two-foot cores will be collected and logged to identify staining, fill, 

and/or native soil horizons possibly associated with the ponds. Ground water samples will 

be screened using colorimetric screening methods capable of detecting hexavalent chromium 

concentrations as low as 0.1 milligrams per liter. 
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6.3.4.2 Soil Borings and Tensiometers 

A minimum of two soil borings will be drilled to the water table at the East Pond location 

to characterize lithology and to collect samples for laboratory analysis. In these soil borings, 

samples will be collected to the water table or 6 ft beneath the alluvial bedrock contact, 

whichever is encountered first. A total depth of 20 ft has been estimated. A minimum of 

four discrete soil samples will be analyzed for TCL volatile organics, and a minimum of four 

composite samples will be analyzed for TAL metals and radionuclides per borehole. Soil 

samples from this site will be analyzed both for hexavalent and total chromium. 

A tensiometer or equivalent vadose zone monitoring device will be installed in the vicinity 

of IHSS 136.2 to measure vadose zone moisture if indications of contamination are 

determined through other surveys. The tentative location of the nested tensiometer is shown 

in Figure 6-5. 

Installation of ground water monitoring wells will be dependent on results of the radiation 

survey, field screening, surficial soil, sediment, vadose zone and boring programs. 

6.3.5 

The area encompassed by IHSS 157.2, Radioactive Site South includes most of the area 

around Buildings 444,447 and 439. In general, the area is documented to contain low levels 

of uranium and chemical contamination most likely resulting from historical use of buildings 

in the area as a uranium foundry, a carbon machining shop and a beryllium fabrication 

facility. Other compounds used in the area include hydraulic oil and carbon tetrachloride 

in Buildings 439 and 440. Four of the IHSSs within OU12 are fully encompassed by 

IHSS 157.2, and are addressed individually. These IHSSs include the West and South 

Loading Docks (IHSSs 116.1 and 116.2, respectively), the Cooling Tower Pond West of 

Radioactive Site South (IHSS 157.2) 
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Building 447 (IHSS 136.1), and the Cooling Tower Pond East of Building 444 (IHSS 136.2). 

Other areas of potential interest in IHSS 157.2, including the Ingot Open Storage Area, 

were considered in development of the field sampling program. The IHSS 157.2 FSP 

described in this section was designed to investigate the general condition of IHSS 157.2, 

and to specifically investigate areas of suspect historical activity not already identified as an 

IHSS. 

The field sampling program for IHSS 157.2, Radioactive Site South, is depicted on 

Figures 6-1 and 6-6. As shown in the figures, the boundaries of the IHSS totally encompass 

Buildings 444, 439 and 447, and include portions of Building 460. Areas beneath these 

buildings are inaccessible for field investigation. All of IHSS 157.2 is within a security area, 

and field work within the area may be limited in some instances for security reasons. Most 

of the area is paved with asphalt or concrete, and there are utility lines and sewer lines in 

some locations. There are original process waste lines under Building 444 that extend past 

the IHSS 157.2 boundary to the north. 

6.3.5.1 

Radiation surveys using a vehicle-mounted HPGe detector will be performed on a 150-ft 

grid throughout IHSS 157.2 to document surficial conditions throughout the area as shown 

on Figure 6-1. The IAG required a G-M survey at 480 locations; however, the HPGe 
detector provides better results over a larger area. Therefore, only 22 locations are required 

to provide coverage of the entire IHSS. Three tripod-mounted HPGe survey locations have 

been added in areas where past activities may have resulted in contamination and where 

building structures may hinder the ability to obtain accurate results. Some of these locations 

are in IHSSs totally encompassed by IHSS 157.2. In addition, the six tripod-mounted HPGe 

survey locations proposed for IHSS 136.2 will provide data for IHSS 157.2. NaI probes will 

Radiation Survev. Surficial Soils, and Chemical Screening 
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be used to survey anomalous readings from the HPGe. A minimum of twelve asphalt core 

samples will be collected at HPGe survey locations with anomalous radioactivity for 

confirmation of HPGe results. A minimum of twelve soil depth profile samples will be 

collected at HPGe survey locations. 

A minimum of 46 surficial soil samples will be collected from alternate nodes on a 50-ft grid 
from exposed soil areas and from under the concrete and asphalt pavement, as shown in 
Figure 6-6. Surficial soil samples will be surveyed with a laboratory HPGe detector to 

directly measure radionuclide concentration. Surficial soil samples will also be submitted 

to a laboratory for analysis of TAL metals. Eight duplicate surficial soil samples will be sent 

to a laboratory for full radionuclide analysis and confirmation of HPGe results. 

A minimum of five sediment samples will be collected from drainage ditches in the southern 

and eastern portions of the IHSS. Samples will be analyzed for volatiles (if saturated), 

radionuclides, metals, and PCBs. 

Soil gas screening within IHSS 157.2 will be conducted on an approximate 50-ft grid. A 

minimum of 81 soil gas survey points are proposed, as shown in Figure 6-6. Soil gas samples 

will be analyzed for volatile organics in the mobile laboratory. Based on results of the soil 

gas survey, a minimum of 40 soil and 20 ground water screening samples will be collected 

at soil gas survey locations using the hydraulic probing rig and analyzed for volatile organics 

in the mobile laboratory. Temporary well points will be installed and surveyed at 10 of the 

ground water screening locations to obtain water level information and determine local 

hydraulic gradient. Placement of well points will consider not only screening results from 
IHSS 157.2, but also those of IHSSs 116.1, 116.2, 136.1, and 136.2. 
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6.3.5.2 Soil Borings 

A minimum of eight soil borings will be drilled within the IHSS, based on field screening 

arid radiological survey results. Borings will be drilled to the water table or 6 ft below the 
alluvial bedrock contact, whichever is encountered first. Samples will be collected according 
to methodology described in Section 6.4. The estimated total depth of borings in this area 

is 20 ft below the surface. Using the sampling methodology described in Section 6.4 of this 
report, a minimum of four discrete samples will be analyzed for TCL volatile organics from 
this IHSS and a minimum of four composite samples will be analyzed for TAL metals and 

radionuclides. 

Installation of ground water monitoring wells will be dependent on results of the radiation 

survey, field screening, surficial soil, sediment, and soil boring programs. 

6.3.6 

IHSS 187, Sulfuric Acid Spill, is located immediately east of Building 443. A 3,000-gallon 

tank storing sulfuric acid leaked approximately half of its contents in September, 1970, and 

followed an eastward path where it was captured in two earthen pits and neutralized. The 

spill location and path of the spill were presented in Section 2.0. During spill neutralization 

activities, approximately 32,000 pounds of lime were used. Since the spill occurred, the tank 
has been taken out of service, and much of the spill area has been graded over and 

buildings, trailers, tanks and sidewalks now cover the spill site. 

Sulfuric Acid Sdll  (IHSS 187) 

Limited field sampling at the source area is proposed for this IHSS as depicted in 
Figure 6-7. Because sulfuric acid is not typically persistent in the environment and it was 

effectively neutralized, it is not anticipated that the historical spill is currently impacting soil 
or surface water at IHSS 187. Sulfate could have infiltrated through soils to ground water, 
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therefore, surficial soil sampling and ground water field screening will be conducted. 

Surficial soils will be collected at a minimum of five locations and analyzed in the field to 

determine pH. At three of the locations, the hydraulic rig will be used to obtain a ground 

water sample for field screening of sulfate and pH. Turbidimetric methods are applicable 

for obtaining screening information for sulfate content in ground water and will be 
performed as outlined in SOP GW.5. Field instruments will be used to determine ground 

water pH. Additional sampling along the spill pathway will be conducted if the samples 

from the source area are determined to be contaminated. 

6.3.7 

IHSS 120.1, Fiberglassing Area North, was used historically for fiberglassing waste packing 

boxes in the 1970's. The area may contain residue from spills of polyester resin, peroxide 

catalyst materials, and cleaning solvents as mentioned in the HRR. Information in the HRR 
also indicates that elevated gamma radiation and americium were historically detected in 
the vicinity of the IHSS, although the source of radioactivity was not identified. A 
fiberglass-sided shed on a concrete slab is located within this IHSS. The area is fenced, 

although access is not restricted. Empty 55-gallon drums are stored throughout the yard. 

It is assumed stored drums will be removed prior to implementation of the field sampling 

plan at IHSS 120.1. 

Fiberglassine Area North of Buildinp 664 (IHSS 120.1) 

The field sampling program for IHSS 120.1, Fiberglassing Area North, is depicted on 
Figure 6-8. The sampling program designed for the fiberglassing site is designed to locate 

potential spill areas as well as generally characterize the IHSS. 
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6.3.7.1 

Radiation surveys using a vehicle-mounted HPGe detector will be performed on a 150-ft 
grid throughout the Building 664 area as shown on Figure 6-1. In addition, a tripod- 
mounted HPGe detector will be used at locations spaced 30 ft apart to supplement the 

vehicle-mounted HPGe results due to possible interference from Building 664. A NaI probe 

will be used to survey anomalous readings from the HPGe. Vertical depth profiles will be 

collected at a minimum of three of the HPGe survey locations. 

Radiation Survev, Surficial Soils. and Chemical Screening 

A minimum of nine surficial soil sampling points will be established on a 25-ft grid at 

IHSS 120.1. Samples will be surveyed with the laboratory HPGe and analyzed for TAL 
metals. 

Soil gas will be used to determine the lateral extent of potential contamination from spills 

o f  solvents associated with historical fiberglassing activities. Soil gas data collection points 

will be located on an approximate 25-ft grid as indicated on Figure 6-8. A minimum of nine 

soil gas points are proposed at IHSS 120.1. Soil gas samples will be analyzed in the mobile 

laboratory for volatile organics. A minimum of five soil and three ground water screening 

samples will be collected and analyzed for volatile organics in the mobile laboratory, based 

on soil gas screening results. Temporary well points will be installed and surveyed at the 
three ground water screening locations to ' determine local water table elevation and 

hydraulic gradient. 

6.3.7.2 Soil Borines and Tensiometers 

A minimum of two deep borings will be drilled at IHSS 120.2, the locations of which are 

tentatively shown on Figure 6-8. These locations may be refined based on radiation survey 

and screening results. The two borings will be drilled to the water table, or 6 ft beneath the 
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alluvial bedrock contact (whichever is encountered first) estimated to occur less than 20 ft 
below the surface in this area. Using the sampling methodology described in Section 6.4 of 

this report, a minimum of four discrete samples from IHSS 120.1 will be analyzed for TCL 
volatile organics, and a minimum of four composite samples will be analyzed for 

radionuclides and metals, per borehole. 

Tensiometers or equivalent devices may be installed in the vicinity of IHSS 120.1 to measure 
vadose zone moisture if indications of contamination are determined through other surveys. 

The tentative location of the nested tensiometers is shown in Figure 6-8. 

Installation of ground water monitoring wells will be dependent on results of the radiation 

survey, field screening, surficial soil, and boring program. 

6.3.8 

The fiberglassing area west of Building 664, IHSS 120.2, has a history similar to the north 

fiberglassing area. Building 664 is used for radioactive waste storage, however, and could 

interfere with radiological surveys conducted in the area. Soils are exposed over a portion 

of this site, although asphalt paving is located near the loading dock door. 

Fiberglassine Area West of Buildiw 664 (IHSS 120.2) 

The field sampling program for IHSS 120.2, fiberglassing area west of Building 664, is 
depicted on Figure 6-9. The sampling program designed for this IHSS is similar to that 

designed for IHSS 120.1, with minor variations. 

6.3.8.1 

Radiation surveys using a vehicle-mounted HPGe detector will be performed on a 150-a 

grid throughout the Building 664 area as shown on Figure 6-1. Due to possible interference 

Radiation Survey. Surficial Soils, and Chemical Screening 
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from Building 664, a tripod-mounted HPGe survey will be performed at a minimum of five 

locations on a 30-ft grid throughout IHSS 120.2, as shown on Figure 6-1. A NaI probe will 

also be used to survey anomalous readings from the HPGe. A minimum of three asphalt 

core samples will be collected at HPGe survey locations. A minimum of one depth profile 

sample will be collected at the exposed soil HPGe survey locations. 

A minimum of eleven surficial soil samples will be collected on a 25-ft grid at the site and 

surveyed with the laboratory HPGe for radionuclides and sent to a laboratory for TAL 
metals analysis. The two surficial samples in exposed soil areas and two of the surficial soil 

samples collected beneath pavement will be split and sent to a laboratory for full 

radionuclide analysis to confirm HPGe results. 

Soil gas will be used to determine the horizontal extent of potential contamination from 

spills or historical fiberglassing activities. A minimum of 11 soil gas samples on a 25-ft grid 

will be collected at IHSS 120.2, and analyzed for volatile organics in the mobile laboratory. 

A minimum of six soil and three ground water screening samples will be collected and 

analyzed in the mobile laboratory, based on soil gas results. A minimum of three temporary 

well points will be installed in the ground water screening locations and surveyed at 

IHSS 120.2 to measure local water table elevation and hydraulic gradient. 

6.3.8.2 Soil Borings 

A minimum of two soil borings will be drilled at IHSS 120.2, the tentative locations of which 

are shown in Figure 6-9. The borings will be drilled to the water table or 6 ft beneath the 

alluvial bedrock contact (whichever is encountered first), which occurs less than 20 ft below 

the surface and sampled. Using the sampling methodology described in Section 6.4 of this 
report, a minimum of four discrete samples will be analyzed for TCL volatiles and a 
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minimum of four composite samples will be analyzed for radionuclides and metals, per 
boring. 

Installation of ground water monitoring wells will be dependent on results of the radiation 
survey, field screening, and soil boring program. 

6.3.9 

IHSS 189, Nitric Acid Tanks, consists of two 10,000-gallon nitric acid storage tanks where 
several small spills of nitric acid have been historically documented. The tanks are within 

concrete containment structures, and there is no visible evidence of degradation in the area. 

Nitric Acid Tanks (IHSS 189) 

A limited sampling program is proposed for this site consisting of surficial soil and ground 
water screening in the vicinity of the tanks. A minimum of five sampling locations outside 

of the containment berm are identified in Figure 6-10. A minimum of five surficial soil 

samples will be analyzed in the field for pH. At a minimum of three of the locations, the 
hydraulic probe will be used to collect ground water screening samples to determine nitrate 
concentration. Colorimetric test kits will be used to determine if detectable nitrate is 
present in local ground water. Ground water pH will also be measured in the field. 

Historical information indicates nitric acid stored in the tank was transferred into the tanks 

from vendors and the tanks were unlikely to contain waste acids containing dissolved 

constituents or metals. 

63.10 
Building 881 was converted in 1964 from enriched uranium manufacturing activities to 

become a nonradioactive metals fabrication facility. Equipment from this conversion were 
stored in this area and include lathe and rolling mill parts. Mobile trailers, steel boxes 

Building 881 Conversion Activitv Contamination (IHSS 147.2) 
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containing depleted uranium, and a fenced storage area cover portions of the site. The steel 

boxes containing depleted uranium will be removed prior to conducting any sampling at this 

IHSS. . 
A limited field program will be conducted at the Building 881 Conversion Activity Site as 

depicted on Figure 6-11. A tripod-mounted HPGe survey will be conducted at a minimum 

of nine locations on a 30-ft grid supplemented with NaI probe measurements at anomalous 

areas. Soil depth profile samples will be collected at a minimum of three HPGe locations 

and surveyed with laboratory HPGe. A minimum of nine surficial soil samples will be 
collected, surveyed With the laboratory HPGe, and submitted for offsite laboratory analysis 

of TAL metals. The need for additional sampling activities will be evaluated after the data 

have been reviewed. 

6.4 SAMPLING EOUIPMENT AND PROCEDURES 

Appropriate field sampling and decontamination procedures for the OU12 FWI/RI field 

investigation will be in accordance with the most recent version of the RFP Environmental 

Management Division Operating Procedures (EMD SOPs) (EG&G, 19910 dated March 1, 
1992. Appropriate EMD SOPs are referenced in the following sections. The EMD SOPs 
are supplemented by EPA procedures (EPA, 1989c) and American Society of Testing 

Materials (ASTM) standards (ASTM, 1991). EMD SOPs are currently in development for 
some of the procedures within this plan. 

6.4.1 Radiation Survey Procedure 

Radiation surveys will be conducted with a high purity germanium (HPGe) gamma ray 

detector developed for high resolution spectroscopy. The HPGe has a broad energy range, 

exhibits high resolution, excellent gain stability, moderate area averaging, and the ability to 

40103-2\FSEC'ITON.6 Dccanbcr 4, 1592 



EG&G ROCKY FLATS PLANT 
Final RFI/RI Work Plan . 
Operable Unit 12 

Manual: 21100-WP-ou12.1 
Section No.: 6.0, Rev. 0 
Page: 
Effective Date: 
Organization: Remediation Program 

FEB 2 5 

identify and quantify all gamma emitting radionuclides. Radiation survey locations axe IHSS 
specific and are discussed in Section 6.3. Vehicle-mounted HPGe detector surveys will be 

conducted on a 150-ft grid at OU12 IHSS 157.2, which will also provide coverage of 

IHSSs 116.1, 116.2, 136.1, and 136.2. One additional survey point in the 600 building area 

will provide coverage for IHSS 120.1 although tripod-mounted HPGe surveys will also be 

conducted on a 30-ft grid at IHSSs 120.1, 120.2, and 136.2, and three selected locations in 

IHSS 157.2. A 30-ft grid was selected for the fiberglassing area located near Building 664 

to provide increased resolution for the high background sites. The HPGe detector provides 

radionuclide concentrations in soil in picoCuries per gram (pCi/g) of gamma-emitting 

radionuclides including, but not limited to, potassium-40, radium-226, thorium-232, 

cesium-137, americium-241, plutonium-239, -240, and -241, and uranium-233, -234, -235, and 

-238. While plutonium is primarily an alpha emitter, gamma and x-rays are also emitted. 

Plutonium emits gamma rays at very low branchings that can be detected with high 

sensitivity instruments, such as the HPGe detector. Tritium and strontium-90 are not 

detected using this method. Appendix G contains detailed technical information on the 

vehicle-mounted and tripod-mounted detectors. The EMD SOP for the HPGe is presently 

under development and will be available prior to any OU12 field work. Other equipment 

requirements are listed in Section 5.2 of EMD SOP F0.16 

e 

A NaI probe will be used to supplement the HPGe data at IHSSs where buildings or 
obstructions may limit HPGe effectiveness and to provide spatial resolution of HPGe 
readings. The NaI scintillation detector has advantages over other detectors that include: 

higher probability of interaction per centimeter, a high light yield from deposited energy, 

and a high atomic number. The EMD SOP for the NaI scintillation detector is currently 

under development and will be available prior to any OU12 field work. 
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To supplement the HPGe and NaI probe surveys, surficial soils, vertical depth profile 

samples, and concrete or asphalt samples collected via procedures in Section 6.4.2,6.4.3, and 
6.4.4, respectively will be surveyed with a laboratory HPGe detector to obtain radionuclide . 

concentrations. A SOP for laboratory HPGe field screening is currently in development and 

will be submitted prior to any OU12 field work. 

6.4.2 Surticial Soil SamDline Procedure 

Surficial soil samples for radionuclide and nonradionuclide analysis will be collected both 

from paved and exposed soil areas in OU12 IHSSs. Separate surficial soil sampling 

procedures are required for: 

radionuclide and nonradionuclide composite sampling at exposed soil sites; and 

0 radionuclide and nonradionuclide grab sampling at covered sites. 

The jig and scoop described in SOP GT.08 will be used to collect surficial soil composite 

samples for radionuclide and nonradionuclide analysis at exposed soil locations. Surficial 

soil samples collected from exposed soil sites will be composites of subsamples collected 

with the jig and scoop from the four corners and center of a one meter square area. SOP 
GT.8 is currently under revision to include a description of this sampling procedure. It will 

be submitted prior to conducting OU12 field work. 

At asphalt or concrete-covered sites, surficial soil grab samples will be collected both for 

radionuclide and nonradionuclide analysis. Grab samples underlying pavement will be 

collected in accordance with "grab method" procedures in SOP GT.08. Pavement or 
concrete will be cut and samples collected from soil substrate underlying base materials 

immediately beneath pavement. 
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Surficial soil samples for radionuclide analysis will be analyzed onsite with the laboratory 

HPGe detector. A subset of surface samples that represent a range of radionuclide 

concentrations will initially be surveyed with the laboratory HPGe detector, then sent to an 

offsite laboratory for radionuclide analysis and HPGe verification. Nonradiological surficial 

soil samples will be submitted to an analytical laboratory for TAL metal analysis. 

6.4.3 Vertical Depth Profile Procedures 

Vertical soil depth profile samples will be collected at exposed soil HPGe survey locations 

to correlate HPGe and NaI probe results with depth distribution. Tentative locations are 

shown on Figure 6-1, although the vertical profile sample locations will be determined after 

evaluation of the HPGe/NaI probe surveys. They will typically be collected with a plug type 

sampler at 0 to 2 ,2  to 4, and 4 to 6 inch depth intervals. A SOP for this procedure will be 

developed and submitted prior to conducting OU12 field work. 

6.4.4 Concrete or AsDhalt SamDling 

Concrete or asphalt samples will be collected at areas of anomalous activity identified by 
the HPGe and NaI probe surveys for radionuclide analysis with the laboratory HPGe. 
Tentative locations are shown on Figure 6-1. The location of concrete or asphalt samples 

will be determined after evaluation of the HPGe/NaI probe surveys. Samples will be 

collected with the aid of asphalt or concrete cutters or saws. Procedures for obtaining and 

analyzing such samples for radionuclides will be submitted in an SOP prior to conducting 

OU12 field work. 

6.4.5 Sediment SamDling 

Sediment samples will be collected from tentative locations identified in Section 6.3. If 
sediments are saturated, a core sampler with a core liner will be used to collect the top 
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two inches of bed materials for analysis of volatile organics. Samples for nonvolatile 

analysis will be collected with a stainless scoop. Sampling procedures will follow those 

outlined in EMD SOP SW.6. Sediment materials will be described according to EMD SOP 

GT.l. 

6.4.6 Chemical Screenin9 Procedures 

Real time soil gas sampling will be conducted at specific OU12 IHSSs presented in 

Section 6.3 according to procedures in EMD SOP GT.9. Soil gas samples will be collected 

through a 1-inch diameter stainless steel probe rod driven with a hydraulic rig mounted on 
an all terrain vehicle (ATV). If possible, depending on subsurface conditions, the rig will 

hammer through overlying concrete or asphalt and drive probe rods through subsurface 

materials. Soil gas samples will be collected at an approximate depth of 5 ft through tubing 

placed through the center of the rod. Samples collected through the tube will be 

immediately injected into the mobile laboratory for volatile organic compound analysis. 

Additional information on collecting soil gas samples with the ATV-mounted rig are in 

Appendix H. Alternative soil gas techniques, such as passive collection methods, may be 

utilized if site conditions warrant. 

Soil screening samples are also collected using the hydraulic probing rig. A Kansas Soil 

Sampler is attached to the end of the rod, 

within the sampler. The sampler is 
will be used to collect discrete 

the mobile laboratory. 

Appendix H. A SOP 

extension rod inserted to release a piston 

a soil core removed. The soil sampler 

volatile organic compound analysis in 

soil samples for screening is in 

of soil screening samples using 
the hydraulic probing rig. 
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Ground water screening samples can be collec 

rig if favorable geologic conditions are 
' advanced to within 1 ft of ground water. A we1.l 

lowered to the bottom of the borehole. It is 

collected through sampler perforations. Tef.on 

ground water is pumped to sample containers 

mobile laboratory. Hexavalent chromium 

colorimetric methods, and sulfate by turbidimeitric 

appropriate based on site history. Additional 
collection is provided in Appendix H. A SO3 

ground water screening samples using the 
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ed and analyzed using the hydraulic probing 

encoc.ntered. The 1-inch diameter probe rod is 
point sampler is attached to the probe and 
driven into ground water and a sample is 

tubing is inserted through the rod and 

and analyzed for volatile organics in the 

and nitrate can also be analyzed using field 

methods, in IHSSs where this analysis is 

irformation on ground water screening sample 

will be developed to support collection of 

hydraulic probing rig. 

Temporary well points will be advanced to gro Y nd water within IHSSs 157.2,120.1 and 120.2 

to obtain water level information and to 

pneumatic water level indicator lowered 

water levels and identify ground water 

in the proposed ground water 

the ground water flow direction. 

probe rod will be used to measure 

This procedure will be documented 

implementation. 

A 

6.4.7 Borehole Drilling and Soil Samdinp Procedures 

Borings will be drilled to determine the 

investigate trends identified in screening 

analysis, and to install monitoring wells. 

located and the drill site will be cleared 

chnical characteristics of the soil, to further 

to collect samples for physical and chemical 

re any boreholes are drilled, utilities will be 

with EMD SOP GT.10. 

e- 
Borings drilled for the purpose of documen ing soil contamination will be drilled to the 

water table or 6 f t  below the alluvial bedr b ck contact, whichever is encountered first. 
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Hollow-stem auger drilling will be conducted accordance with EMD SOP GT.2, except 
where material is impenetrable with this meth d. If augering is ineffective, rotary drilling 

will be used in accordance with EMD SOP T.4. Rotary drilling will only be used in 
situations where material is impenetrable, with I hollow-stem augering the method of choice. 

All drill cuttings and soil samples will be 

accordance with EMD SOP F0.15, Use of 
EMD SOP F0.6, Field Radiological 
drill cuttings and residual samples, 

for radionuclides and organic vapors in 

and Flame Ionizing Detectors, and 

wastes, such as 

in EMD SOP 
F0.8 and F0.9. 

All equipment must be decontaminated befor and after drilling and sampling takes place 
in accordance with the procedures d in the EMD SOP F0.3 and F0.4. 
Decontamination water will be handled ing to guidelines in EMD SOP F0.7. 

All of the borings not completed as monit 

immediately after drilling in accordance 

Procedures specified in this EMD SOP 

wells will be grouted and abandoned 

prevent vertical migration of 

outlined in EMD SOP GT5. 

contaminants after abandonment, 

Equipment requirements are listed in EMD OP GT.2, Section 5.1; and other applicable 

EMD SOP are listed in Section 4.2 of this w 
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Soil and bedrock samples will be collected 

with EMD SOP GT.l and for chemical and 
GT.2 and F0.13. The soil and bedrock s 11 be collected using a hollow-stem auger ~ 

with a continuous-core sampler. Conti 11 be collected for geologic descriptions 

for the entire borehole depth. From ete, 2-ft samples will be submitted for 

laboratory voIatiIe organic malyses ( g at a depth of 2 ft from the ground 
surface, as shown in Figures 6-12 an ng to the water table or to bedrock, 

whichever is encountered first. In ad VOA sample will be submitted to the 

laboratory if staining, discoloration, omaly is observed during drilling. 

VOA soil samples should be colle that are capped and sealed upon 

recovery. In addition to the VOA s composite samples from the core 

will be submitted to the laboratory aining chemical parameters from 
every consecutive 6-ft interval to 

g drilling for visual logging in accordance 

al analysis in accordance with EMD SOPS 

Soil samples for geotechnical analysis a minimum amount of disturbance and win 
metal tube will be driven into the 

removed, and the tube sealed for 
sampling procedures will be 

be coIlected in thin-walled metal 

undisturbed soils in advance of 

transport to the laboratory. A n y  

the subject of a Document 

6.4.8 Tensiometer Installation and Monitorinp Procedures 

Standard nested tensiometers equipped with 

monitoring equipment, may be installed 

unsaturated zone. The tensiometers will 

a rigid plastic tube. The internal volume 

The pores in the cup form a continuum 

transducers, or equivalent moisture 
matric potential of water in the 

a porous ceramic cup attached to 

be completely filled with water. 

soil. Water will move either 
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into or out of the tensiometer system, until e 

Multiple tensiometers allow for1 the 

quantity, of water flu from 

is attained across the ceramic cup. 

direction, and in some cases the 

ed in Section 63. 
m 1 ft above the 

data logger. 
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outer diameter will be used to Idrill the mol 

space of 2 inches. Well construction technil 

SOP GT.6. Investigation-derided wastes si 

handled in accordance with guilelines outlir 

Well construction techniques fc 

EMD SOP GT.6. Monitoring v 

the pavement. Wells in areas 

placement of steel posts arour 

Pressure grouting procedures w 

equipment and materials that I 

EMD SOP GT.6, Section 5.1; ( 

of EMD SOP GT.6 

The wells will be developed nc 

completion and will not be sa 
levels will be measured in all 1 

appropriately cross-referenced 

After the water levels reach s 

energy methods, such as an ine 

will follow procedures outlinec 

Purging procedures will follow 

three to five casing volumes 01 

specific conductance, temper; 

removed as described in EM1 
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itoring wells to produce a minimum annular 
pes will follow procedures outlined in EMD 
ch as cuttings and residual samples will be 

es in EMD SOP F0.8. 

ing wells will follow procedures contained in 
affic paved areas will be completed flush with 
to vehicular traffic will be protected by the 

ring wells, as described in EMD SOP GT.6. 

:lines outlined in EMD SOP GT3. Additional 

i for monitoring well installation are listed in 

3MD SOP are cross-referenced in Section 4 2  

48 hours and no longer than two weeks after 
t least two weeks after development. Water 

rded as outlined in EMD SOP GW.l and the 

sted in Section 4.2 of the EMD SOP GW.1. 

IS, the wells will be developed utilizing low- 
bottom discharging bailer. Well development 

P GW.2. 

ed in EMD SOP GW.6 and include purging of 

:r appropriate criteria. Field parameters @H, 
measured after every half casing volume is 
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Ground water samples will be uollected in a 

agitation or limit the exposure of the sample to 
will be by bailing or the use of 4 bladder or 

handled, and screened in accordvce with EMD 

All development and purge wateIi will be hand1 
EMD SOP F0.8. Equipment nteded for gro-md 
GW.6. 

Hydraulic testing will be conductetd on all gr0ur.d 

testing of ground water wells will hclude slug 

GW.4 and GW.5, respectively. 

Field parameters will be measurqd when each 
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manner that will minimize the amount of 

the atmosphere. Ground water sampling 
peristaltic pump. Samples will be collected, 

SOP GW.6 and all related EMD SOP. 

:d in accordance with guidelines outlined in 
water sampling is listed in EMD SOP 

water wells installed in OU12. Hydraulic 
tests or injection tests in accordance with SOP 

ground water sample is collected. Specific 

&S 

y points, so: 

measured w 

conductance, pH, temperature, 1 

turbidity will be measured when 

EMD SOP GW.6. Water level m 
SOP GW.l and the appropriatelq 

EMD SOP GW.l 

6.4.10 Survevinp of SamDle Lo 
The locations of all radiation sur 

and surface sampling points will b 
After sampling, drilling, or well ii 

surveying techniques described i 
+OS ft for surficial soil sample 
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in accordance with EMD 
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temporary well point locations and wells. 

well point locations, and k0.01 ft for 

well: ground surface, top of well 

accuracy will be & 0.1 ft for borings and 

elevations will be determined for each 

surface casing. 

6.5 SAMPLE ANALYSIS 

This section describes the sample( handling pro edures and analytical program for samples 

collected during the RFI/RI ipvestigation. It also includes discussions of sample 

designations, analytical requireaents, sample containers and preservation, and sample 

handling and documentation. 

All sample will conform to the input requirements 

Each sample designation will 

prefix identifying the 

five-digit number, 

be required for 

system will be 

6.5.1 SamDle Desienation 

soil and 

ground water screening results, anp radiological 

independently of the sample nu*er for a give 

appropriate cross-references. Thejse sample nul 

RFP QAPjP. If input requiremeqts for the RF 
listed, the most current system will be used. 
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The analytical suites for each 
suspected to be present at 

and their CLP 
analyzed for chemical parameters: 

developed according to the type of waste 
the specific analytes in the above groups 

samples from the RFI/RI will be 
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Uranium-233/234,235, i236, and 238; 

Cesium- 137; 

Strontium-90; 

Tritium; 
Transuranic elements (plutonium and 
Gross alpha and gross 'qeta; 
TCL volatiles; and 

TAL metals. 

Additional parameters, such as pH, will be r quested for analysis of soil and sediment 

samples based on site-specific itrformation. parameters may include total and 

americium); 

Ground water samples collected ffom wells inst 

for the parameters listed above as ;well as major 

and pH. Other field parameters, ibcluding pH, 1 

oxidation-reduction potential, sul@te, nitrate, a 

40103-2\FSECXION.6 Dccanbcr 4, 1992 ~ 

i, if appropriate. 

died in the OU12 RFI/RI will be analyzed 

:ations, major anions, total dissolved solids, 

onductivity, temperature, dissolved oxygen, 
d turbidity will be measured in accordance 

round Water Field Parameters. Additional 

e requested on a site-specific basis. 
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The analytes and detection limits detailed in Table 6.2 address the bulk of detection of 
potential soil, sediment, and ground water contamination. Nitrates are included because 

low-level radioactive wastes with high nitrate concentrations may be present. Metals are 

suspected at many of the IHSSs in OU12; therefore, all of the TAL analytes have been 

selected for RFI/RI analysis. Both filtered and unfiltered samples of ground water will be 

collected and analyzed at each location. 

The following uranium isotopes have been selected for analysis: uranium-233/234, 

uranium-235, uranium-236, and uranium-238. Plutonium is the only transuranic element that 

is used on the site. However, americium is a daughter product of plutonium and has been 

detected in soil at OU12. Therefore, both plutonium and americium have been selected as 

radionuclide parameters. The uranium isotopes, plutonium, and americium can all be 

detected with the HPGe detector. Tritium, cesium-137, and strontium-90 will also be 

analyzed in samples submitted to radiochemistry laboratory for analysis. The HPGe 
detector will not provide results for tritium and strontium-90. Gross alpha and gross beta 

are included as general radiological parameters because they are useful indicators of 
radionuclides. Gross alpha and gross beta will be requested on all soil, sediment, and 

ground water samples sent to an offsite laboratory for analysis. 

Volatile organics have been historically stored and spilled at many of the OU12 IHSSs. 

Therefore, all of the TCL volatile organics will be included. Semivolatile organics have not 

been reported in historical descriptions of IHSS activities, and will not be analyzed. 

A list of analytical parameters and proposed detection limits for the soil gas surveys at 

OU12 are in Table 6.4. The mobile laboratory GC is capable of detecting other volatile 

organics as presented in Appendix H. 
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6.5.3 Sample Containers and Preservation 

Sample volume requirements, preservation techniques, holding times, and container material 

requirements are dictated by the media being sampled and the analyses to be performed 

The matrices to be analyzed include soils and sediments, and the water matrices for analysis 

include ground water, Table 6.3 lists the analytical parameters of interest in OU12 for 

water and soil matrices, along with the associated container size, preservatives (chemical 

and/or temperature), and holding times. Additional specific guidance on the appropriate 

use of containers and preservatives is provided in EMD SOP F0.13 (Containerizing, 

Preserving, Handling, and Shipping of Soil and Waste Samples). 

6.5.4 Sample Handling and Documentation 

Sample control and documentation is necessary to ensure the defensibility of data and to 

verify the quality and quantity of work performed in the field. Accountable documents 

include logbooks, data collection forms, sample labels or tags, chain-of-custody forms, 
photographs, and analytical records and reports. Specific guidance defining the necessary 

sample control, identification, and chain-of-custody documentation is discussed in EMD 
SOP F0.13. 

6.6 DATA MANAGEMENT AND REPORTING 

Field data will be input to the RFEDS using a DATACAP remote data entry module 
supplied by EG&G. Data will be entered on a daily basis, and a 3.5-inch computer diskette 

will be delivered to EG&G on a weekly basis. EG&G updates RFEDS on a weekly basis. 
Data from the system will be available to the contractor immediately after the weekly 

update. A hard copy report will be generated from the module for contractor use. The 

data will undergo a prescribed QC process based on EMD SOP F0.14. 
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The contractor will maintain a data base for field data that is collected during screening 

tasks. The contractor will provide 3.5-inch diskettes and hard copies to EG&G for their use. 

A sample tracking spreadsheet will be maintained by the contractor for use in tracking 

sample collection and shipment. EG&G will supply the spreadsheet format and will 
stipulate timely reporting of information. These data will also be delivered to EG&G on 
3.5-inch computer diskettes. Computer hardware and software requirements for contractors 

using government-supplied equipment will be supplied by EG&G. Computer and data 

security measures will also follow acceptable procedures outlined by EG&G. The RFEDS 

system is evolving. Data management will follow the procedures in effect at the time this 

field work is implemented. 

Forms provided in the various SOP referenced in Sections 6.3, 6.4, and 6.5 will also be 
a,  

utilized as appropriate to document and manage the data obtained during the OU12 

RFI/RI. Copies of appropriate RFEDS forms are presented in Appendix I. 

6.7 FIELD OC PROCEDURES 

Field QC procedures for media screening tasks, soil sampling, and ground water sampling 

are discussed in this section. Field procedures for soil and ground water sampling are 

established from previous investigations at RFP. QC procedures for media screening 

including equipment calibration, media sample collection procedures and equipment, and 

decontamination procedures are presented in Appendix H. 

Sample duplicates, field preservation blanks, and equipment rinseate blanks will be 
prepared. The analytical results obtained for these samples will be used by the RPD project 

manager to assess the quality of the field sampling effort. The types of field QC samples 
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to be collected and their application are discussed below. The frequency with which QC 
samples will be collected and analyzed is provided in Table 6.5. 

Duplicate samples will be collected by the sampling team for use as a relative measure of 

the precision of the sample collection process. These samples will be collected at the same 

time, using the same procedures and equipment, and in the same types of containers as 

required for the samples. They will also be preserved in the same manner and submitted 

for the same analyses as required for the samples. 

Field blanks of analyte-free (ASTM Type II) water will be prepared by the sampling team 

and will be used to provide an indication of any contamination introduced during field 

sample preparation. 

Equipment (rinseate) blanks will be collected from final decontamination rinseate to 

evaluate the success of the field sampling team's decontamination efforts on non-dedicated 

sampling equipment. Equipment blanks are obtained by rinsing cleaned equipment with 

distilled water prior to sample collection. The rinseate is collected and placed in the 

appropriate sample containers. 

Procedures for monitoring field QC are provided in the sitewide QAPjP.' + 

6.8 AIR MONITORING AND SAMPLING PROCEDURES 

Air monitoring will be performed during field activities to ensure that quality data are 

obtained during sampling and that all sampling activities comply with the Interim Plan for 

Prevention of Contaminant Dispersion (IPPCD) (EG&G, 199lg) and in accordance with 
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EMD SOP F0.1. It is expected that the Final PPCD will be completed by the time the 

OU12 RFI/RI is implemented. If so, compliance with the Final PPCD will be maintained 

Air quality monitoring requirements for activities such as borehole drilling where there is 

a significant potential for producing appreciable quantities of suspended particulates include 

the following: 

Site perimeter and community Radiological Ambient Air Monitoring Program 
(RAAMP) monitoring; 

Local real-time monitoring of Respirable Suspended Particulates (RSP) at 
individual activity work sites shall be conducted using a TSI Piezobalance Model 
3500 Respirable Aerosol Mass Monitor. Local RSP measurements will be used to 
guide the project manager’s evaluation of the potential hazards associated with 
activity-related emissions. The threshold RSP concentration for curtailing intrusive 
activities will be designated in the site-specific Health and Safety Plan; and 

Additional worker health and safety monitoring as required by the Site-Specific 
Health and Safety Plan. 

As mentioned in Sections 6.0 and 8.0, one goal of the RFI/RI is to support quantitative 

evaluation of human health risk due to inhalation of contaminants derived from OU12 

surface soils. Inhalation exposure often is evaluated by direct measurement of suspended 

particulate concentration assuming a conservative suspended particulate concentration in 
ambient air. Any surface soil contamination as a result of OU12 releases is expected to 

occur as individual sites of limited area scattered throughout the RFP 400,600,800 areas 

As a result, suspended particulate data from air samples collected in the vicinity of OU12 

sites probably would be representative of the 400, 600, 800 areas. 
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Total suspended particulate and respirable particulate data are collected at a monitoring 

station located near the RFP east gate. Suspended particulate data also have been collected 

in the vicinity of the 903 Pad east of the 400, 600, and 800 areas, and may be collected for 

other RFP OU prior to or during the OU12 RFI/RI. If areas of surface soil contamination 

are identified at OU12 during field activities, suspended particulate data from these sources 

will be evaluated for applicability to OU12 inhalation exposure evaluation. If appropriate, 

these data will be used to provide a conservative estimate of total suspended particulates 

and respirable particulates in the vicinity of OU12. However, if it is determined that these 

data may not be representative of OU12 conditions, an OU12-specific air sampling program 
will be designed to provide the necessary data. This air sampling program could be 

addressed in a TM. 
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TABLE 6.2 

ANALYTICAL PARAMETERS AND DETECTION/QUANTITATION LIMITS 
FOR SAMPLING ACTIVITIES AT OU12 

I Analytical Parameter I Water Limits 1 Soil Limits I 
Tarpet Analvte List Metalst 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium* 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron, Total 
Lead 
Lithium* 
Magnesium 
Manganese, Total 
Mercury 
Molybdenum* 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium* 
Thallium 
Tin* 
Vanadium 
Zinc 

Target ComDound List Volatiles* 
Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 

lug/l) 
200 
60 
10 

200 
5 
5 

5000 
1000 
10 
50 
25 
10 
100 
5 

100 
5000 

15 
0.2 
200 
40 

5000 
5 
10 

5000 
200 
10 

200 
50 
20 

f.!&?id 
40 
12 
2 
40 
1.0 
1.0 

2000 
200 
2.0 
10 
5.0 
10 
20 
1.0 
20 

2000 
3.0 
0.2 
40 
8 .o 

2000 
1.0 
2.0 

2000 
40 
2.0 
40 

10.0 
4.0 

0 0 
10 10 
10 10 
10 10 
10 10 
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TABLE 6.2 

ANALYTICAL PARAMETERS AND DETECTION/QUANTITATION LIMITS 
FOR SAMPLING ACTIVITIES AT OU12 

[ Analytical Parameter I Water Limits 1 Soil Limits I 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 
1,l-Dichloroethane 
1,2-Dichloroethene (Total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
lY2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2-Hexanone 
Tetrachloroethene 
Toluene 
1,1,2,2,-Tetrachloroethane 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

Polvchlorinated Biuhenvls 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Arocior- 1242 

5 
10 
5 
5 
5 '  
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 
5 
5 

5 
10 
5 
5 
5 
5 
5 
5 
10 
5 
5 
10 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
5 
5 
5 
5 
5 
5 
5 

0 0 
OS** 80 
OS** 80 
OS** 80 
0.5** 80 
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TABLE 6.2 

ANALYTICAL PARAMETERS AND DETECTION/QUANTITATION LIMITS 
FOR SAMPLING ACTIVITIES AT OU12 

I Analytical Parameter I Water Limits I Soil Limits I 

Ar ocl o r- 1248 
Aroclor- 1254 
Aroclor- 1260 

Radionuclides' 
Gross Alpha 
Gross Beta 
Uranium 233/234,235, and 238 (each isotype) 
Americium 241 
Plutonium 239/240 
Tritium 
Cesium 137 
Strontium 89/90 

Anions' 
Nitrate/Nitrite 
Sulfate 
Chloride 
Fluoride 

PH 
Specific Conductance 
Total Organic Carbon' 

OS* * 80 
1.0 160 
1.0 160 

@ 3 / 1 )  
2 
4 

0.6 
0.01 
0.01 
400 

1 
1 

idrvVDCi/q) 
4 
10 
0.3 
0.02 
0.03 

400 (pCi/ml) 
0.5 

1 

his 
5 TBD 
5 TBD 
5 TBD 

0.1 TBD 

0.1 pH unit TBD 
TBD TBD 
1 P d l  1 m g / k  

t * 
TBD 
* 

** 

Note: 

Limits refer to detection limits 
Limits refer to quantitation limits 
Non-CLP TAL Metals detection limit 
To be determined 
Laboratory Practical Quantitation Limits (PQLs) exceed potential ARARs. 

Detection and quantitation limits are highly matrix dependent. The limits listed here are the 
minimum achievable under ideal conditions. Actual limits may be higher. 

Detection/quantitation limits for residue samples are not specified by the GRRASP. The unknown nature 
of this matrix prevents establishment of specific limits. Detection/quantitation limits will be the minimum 
obtainable for a given matrix. 
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TABLE 6.3 

SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 
FOR SOIL AND WATER SAMPLES 

SOIL SAMPLES: 
Parameter Container Preservative Holding Time 

Y 

180 days' 1 x 250 mP wide-mouth glass cool, 4oc 
jar 
2 x 125 mP wide-mouth Tef- cool, 4oc 
Ion-lined jar 

TAL Metals 

TCL Volatiles 7 days 

7 days until extraction, 40 
days after extraction Cool, 4°C 1 x 9 02. wide-mouth Teflon- 

lined glass vials PCBs 

Radionuclides 1 x 1 P wide-mouth glass jar None 180 days 

Cool, 4°C TOC, Anions, pH, and 1 x 250 mP wide-mouth glass 
specific conductance jar 28 days 

'Holding time for mercury is 28 days. 

WATER SAMPLES: 
Parameter Container Preservative Holding Time 

TAL Metals 1 x 1 4 polyethylene bottle 

Y 

Nitric acid pH <2; 
Cool, 4°C 180 days' 

TCL Volatiles 2 x 40 mP VOA vials with 
teflon-lined septum lids 

PCBs 1 x 4 P amber glass bottle 

Radionuclides 12 0 polyethylene bottle(s) 

TOC 1 x 250 m4 polytehylene 
bottle 

Anions 1 x 1 P polyethylene bottle 

Nitrate/Nitrite 1 x 250 mP polyethylene 
bottle 

pH, temperature, and 
specific conductance In-situ, beaker or bucket 

Cool, 4°C 

Cool, 4°C 

Nitric acid pH <2; 
Cool, 4°C 
Sulfuric acid pH 
<2; Cool, 4°C 
Cool, 4°C 

<2; Cool, 4°C 
Sulfuric acid pH 

None 

7 days 

7 days until extraction, 40 
days after extraction 

180 days 

28 days 

28 days 

28 days 

Analyze immediately 

'Holding time for mercury is 28 days. 
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TABLE 6.4 

SOIL GAS PARAMETERS 
AND PROPOSED DETECTION LIMITS 

Sample Type Detection Limit 
(N/9 

Acetone 

Benzene 

Carbon tetrachloride 

Et  h ylbenzene 

Hydrogen sulfide 
Methylene chloride 

Methane 

PCE 

Styrene 

TCE 

Toluene 

Xylenes (totd) 

1,1,1-TCA 

1,ZDCE 

1 

1 

1 

1 
1 
1 

1 
1 
1 

1 

1 
1 

1 
1 

2-Butanone (Methylethyl Ketone) 1 

Note: Detection limits are a function of the detector type and injection volume. Thus, the 
detection limit may vary. 
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TABLE 6.5 

FIELD QC SAMPLE FREQUENCY 

Sample Frequency 

Solids Liquids 
Sample Type Type of Analysis 

Duplicates 

Field Blanks * 
Equipment Blanks 

Organics 

Inorganics 

Radionuclides 

Organics 

Inorganics 

Radionuclides 

Organics 

Inorganics 

Radionuclides 

1/10 

1/10 

1/10 

1/20 

1/20 

1/20 

1/20 

1/20 

1/20 

1/10 

1/10 

1/10 

1/20 

1/20 

1/20 

1/20 

1/20 

1/20 

~~ - 

1/10 = one QC sample per ten samples collected 
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7.0 SCHEDULE 

Apreliminary schedule for conducting the OU 12 RFI/RI is summarized in Figure 7-1. Dates 

shown comply with milestone listed in Table 6 of the LAG, dated January 22,1991. Submittal 

of this work plan occurred on October 5,1992. The draft OU12 RFI/RI report is scheduled 

for submittal on April 20, 1994. The final RFI/RI is scheduled for submittal on 

September 15, 1994. 

Compliance with the schedule shown in Figure 7-1 is highly contingent upon the 

implementation of the field sampling plan (FSP) described in Section 6.0 and the turn-around 

time assumed for laboratory analyses of samples. The FSP has been designed to include 

available screening methods in order to reduce the amount of samples undergoing laboratory 

analysis. Both subtasks of the investigation involve laboratory analyses that are assumed to 

have a duration of 120 working days, or six calendar months. Current turn-around time is 

exceeding nine calendar months in some instances. It is possible however, that planned 

improvement in these turn-around times and the proposal of supplemental investigative 

techniques that reduce the number of samples submitted for laboratory analysis will result 

in durations less than those assumed for the schedule. 

The TM submittals shown in conjunction with the BRA refer to technical memoranda as 

required by the LAG. The exact timing of these submittals is not certain and thus will be 

subject to revision depending 

40103-1\FSECTION.I September 29. 1992 
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duration shown for the BRA is extremely limited and may in fact, fall short of requirements. 

However, it is necessary to show the BRA as being complete by mid February in order to 

produce the draft RFI/RI report on April 20, 1994. 

Revisions to this RFI/RI schedule may be necessary and will be requested at least two weeks 

prior to a due date. The schedule revision request will include appropriate information 
describing the reason for the revision. 

40103-1\FSBCTION.7 September 29. 1992 
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8.0 HUMAN HEALTH RISK ASSESSMENT PLAN 

8.1 OVERVIEW 

8.1.1 Regulatory Basis 

Section 300.430(d) of the National Contingency Plan (Federal Register March 8, 1990, 

p. 8709) states that, as part of the remedial investigation, a human health risk assessment 

is to be conducted as part of a Baseline Risk Assessment (BRA) to determine whether 

contaminants of concern identified at the site pose a current or potential risk to human 

health and the environment in the absence of remedial action. This section describes the 

Human Health Risk Assessment components, which include: 

Data collection/evaluation which includes identification and description of 
contaminants of concern (COO); 

Exposure assessment; 

Toxicity assessment; and 

Risk characterization. 

These components correspond to the four components within the LAG required in 
Section VI1.D. 1. for contaminant identification and docurnentation, exposure assessment 

and documentation, toxicity assessment and documentation, and risk characterization. 

Uncertainty analysis will be an integral part of each of these four components. 

40103-1\psEcI10N.8 Scptcmba 29,1992 
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Figure 8-1 illustrates the basic Human Health Risk Assessment process and components. 
The objective of this assessment is to identify and characterize the following: 

Toxicity and levels of hazardous and radioactive contaminants present in relevant 
media (e.g., air, ground water, soil, surface water, and sediment); 

Environmental fate and transport mechanism within specific environmental 
media and cross-media fate and transport where appropriate; 

Potential human and environmental receptors; 

Potential exposure routes and extent of actual or expected exposure; 

Extent of expected impact or threat and the likelihood of such impact or threat 
occurring (i.e., risk characterization); 

Levels of uncertainty associated with the above. 

To ensure acceptance of the human health risk assessment, four technical memoranda will 
be prepared for review and approval. These memoranda will outline how the most crucial 

steps in the risk assessment will be performed and address the following: 

Contaminants of concern; 

Exposure scenarios; 

Toxicity values. 
Fate and transport models; and 

The Human Health Risk Assessment considers risks from both radiological and 

nonradiological contaminants. The EPA and DOE require a two-phase evaluation for the 
radiological portion of the assessment. The Human Health Risk Assessment will 
incorporate the two-phase analysis which includes: 
40103-lWSEClTON.8 scptemba 29,1992 
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The implementation of procedures established by the International Commission 
on Radiological Protection (ICRP) and adopted by the EPA used to estimate the 
radiation dose equivalent to humans from potential exposure to radionuclides 
through all pertinent exposure pathways; and 

The computation of health risk, based on age-averaged lifetime excess cancer 
incidence per unit intake (and per unit external exposure) for radionuclides of 
concern. 

Human Health Risk Assessment results will be used to determine if remedial actions are 

warranted at OU12 and, if so, what associated cleanup levels will be necessary to protect 

human health. Cleanup levels are computed during the feasibility study. 

A number of guidance and information documents will be used to provide direction for 

developing the Human Health Risk Assessment. These include: 

. 
Volume 1. (Part A). Interim Final. 1989. EPA/540/1-89/002 (EPA, 1989d), 
including Office of Solid Waste and Emergency Response (OSWER) Directive 
9285.6-03 Human Health Evaluation, Supplemental Guidance: "Standard Default 
Exposure Factors"; 

e. 
Volume 1. (Parts B and C). Interim Final. 1991. Publication Nos. 9285.7-01B 
and 9285.7-01C. 

. Guidance for Data Useability in Risk Assessment. Interim Final. 1990. 
EPA/540/G-90/008 (EPA, 1990); 

Superfu nd Exposu re Assess ment Ma mal. 1988. EPA/540/1-88/001 (EPA, 
1988~); 

Procedures established by the ICRP and adopted by EPA in Federal Guidance 
Report No. 11 (EPA, 198%); 

40103-lWsEcTION.8 scplember 29,1992 
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Radiation Protection of the Public and the Environment, DOE Order 54005; 

R O .  1983. 
National Academy Press, Washington, D.C.; and 

Publications of the National Council of Radiation Protection, International 
Council on Radiological Protection, United National Scientific Committee on the 
Effects of Atomic Radiation, as appropriate. 

In addition to available national EPA guidance, supplemental Region VIII risk assessment 

guidance will be used, if applicable. 

8.13 

OU12 is comprised of 10 IHSSs throughout the 400,600, and 800 building areas as defined 
in the Historical Release Report (HRR) (DOE, 1992~). The HRR also identifies areas of 
under-building contamination (UBC), and several other previously unrecognized sites that 

are potential areas of contamination (PACs). Although investigation of these sites is not 

part of OU12, the presence of these sites is recognized and information incorporated into 

this plan. Historical quantitative data is nonexistent for these areas and only qualitative 
historical data is available from the HRR as discussed in Section 2.1 of this work plan. 
Radiation surveys of the OU12 area were conducted in 1981 and 1989 which tentatively 

identified areas of anomalous radioactivity near the west loading dock (IHSS 116.1) and 
one of the fiberglassing areas near Building 664. These surveys have been included in 

Appendix D. However, the quality of this radiological survey data is in question and will 

require data useability analysis prior to its use in the Human Health Risk Assessment. 

Backmou nd of Site Contamination 

Contaminants identified in the HRR at OU12 IHSSs and within the OU12 area include 

enriched and depleted uranium, plutonium, beryllium, chlorinated solvents, chromates, 

401Ml\PSECI1ON.8 scptcmber 29, 1992 
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nitric and sulfuric acids, carbon tetrachloride, and hydraulic oil among others. These 
compounds may occur in the groundwater, soils, ambient air, surface water, and sediments 
of ou12. 

OU12 is encompassed entirely in the industrial area at the RFP. Thus, the primary target 
population currently identified at OU12 is industrial site workers. Other target 
populations will also be considered in the human health risk assessment and exposure 
scenarios presented in the exposure assessment technical memorandum of the Human 

Health Risk Assessment. Potential exposure pathways to target populations considered 
may include: 

Ingestion of ground water, surface water, sediments, and soil; 

Inhalation of airborne soil and sediment particles, vapors, and gases; and 

Dermal contact with soils, ground water, surface water, and airborne particulates. 

Data needs and DQOs are presented in Section 4.0 of this work plan. Section 6.0 of this 

work plan describes how the data needs identified will be collected. The data needs and 

FSP address the objectives described in Subsection 4.2 and include characterizing the 

nature and extent of contamination and the data collection necessary to assess the 
complete potential exposure pathways. Data to be collected in the OU12 RFI/RI or 
obtained from other programs and used in the Human Health Risk Assessment includes 

sampling the following media. 

Soils: Data characterizing vertical depth contaminant concentrations in OU12 
will be used to support discussions of contaminant fate and transport and, 
ultimately, the exposure assessment. 
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Surfrcial Soils: Radiological and nonradiological surface soil data will be used to 
estimate exposure and risk through ingestion and dermal routes, and, if necessary, 
estimate windborne particulate concentrations for subsequent inhalation 
exposures. 

Surface Water and Sediments: Data characterizing contaminants in surface water 
and sediments can be used to support discussions of contaminant fate and 
transport, in addition to estimating exposure and risk from ingestion or dermal 
contact with surface water and sediments, and inhalation of sediments. 

Ground Water: Data characterizing site-specific hydrogeology and potential 
contaminants in alluvial groundwater systems can be used to support discussions 
of contaminant fate and transport in addition to estimating exposure and risk 
from ingestion, inhalation, or dermal contact with groundwater. 

Air: Data characterizing the potential for dispersion of contaminated sediments 
can be used to support discussions of contaminant fate and transport in addition 
to estimating exposure and risk from inhalation. Air pathway analyses will be 
based on dispersion modeling. 

A comprehensive quantitative assessment of all contaminants of concern and potential 

exposure pathways will be performed for surficial soils, surface water and sediments as 

part of the RFI/RI. This RFI/RI includes a preliminary determination of the presence or 

absence of ground water contamination at suspect OU12 IHSSs. This information may 
allow identification of preliminary contaminants of concern (COG) and exposure pathways 

for ground water. Further investigation of ground water contamination may result in 

additional RFI/RI activities that may not be completed within the JAG schedule. The 

remainder of this section generally describes the individual Human Health Risk 

Assessment components as they relate to the overall risk assessment. 
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8.2 DATA COLLECTION/EVALUATION 
The objective of this section is to describe the procedures to identify contaminants 

potentially present at OU12 IHSSs at concentrations that could be of concern to human 

health. The contaminant description and identification of COCs component of the Human 

Health Risk Assessment provides a summary of historical and RFI/RI data collected at 

OU12, provides an evaluation of historical and RFI/RI data relative to performing the 

Human Health Risk Assessment, and describes how to use this information to perform the 

hazard identification. The contaminant description section includes the following 

informat ion: 

Data collection; 

Data evaluation; and 

Hazard identification. 

83.1 Data Collection 

The objective of the data collection task is to summade all data available for use in the 

Human Health Risk Assessment in preparation of further data evaluation activities. This 

step, then, identifies the historical data relevant to performing the Human Health Risk 

Assessment, assembles the RI data, and establishes data formats to facilitate data 

evaluation. The following data attributes are important to this step: 

Site description; 

Sample design with sample locations; 

Analytical method and detection Iimit; 

Results for each sample, including qualifiers; 

401(a-lWSECIION.8 scptanbcr 29. 1992 



EG&G ROCKY FLATS PLANT 
final RFI/RI Work Plan 
Operable Unit 12 

21100-wP-ou12.1 Manual: 
Section No.: 8.0, Rev. 0 

Effective Date: ~~~ ' 
Organization: Remediation Program 

Page: 'I $994 8 of 26 

Sample quantification limits and/or detection limits for nondetects; 

Field conditions; and 

Sample documentation (for example, chain-of-custody and Standard Operating 
Procedures (SOPS)). 

8.2.2 Data Evaluation 

Historical and RFI/RI data will be evaluated using EPA's >n 

Risk Assessment (EPA, 1990). The EPA identified the following data usability criteria: 

Assessment of data documentation for completeness; 

Assessment of data sources for appropriateness and completeness; 

Assessment of analytical methods and detection limits for appropriateness; 

Assessment of sampling data quality indicators (completeness, comparability, 
representativeness, precision, and accuracy); and 

Assessment of analytical data quality indicators (such as spike recoveries, 
duplicates, and blanks) for completeness, comparability, representativeness, 
precision, and accuracy. 

The RFI/RI data that can be used to support a quantitative Human Health Risk 

Assessment will be identified. Part of this evaluation will include identification of the 

most appropriate summary process and format. This will involve identifying statistical 

summary techniques that consider spatial and temporal data distributions, determining if 

arithmetic or geometric means are appropriate, and determining the appropriate method 

for dealing with nondetected values and qualified data. The data summary will include: 

40103-1\PSECIlON.8 scptcmbcr 29, 1992 
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The frequency of detection (number of positive detects/number of analyses) for 
each compound and sample location; and 

The minimum- and maximum-reported concentrations for each contaminant at 
each sample location. 

Tentatively identified compounds (TICs) reported in the RFI/RI data will be evaluated 

relative to their usefulness in the Human Health Risk Assessment. If only a few TICs are 

reported relative to other contaminants, or if they are unrelated to RFP, they will be 

screened in the COC selection process and may be considered for exclusion. If numerous 

TICS are reported and they appear related to the RFP, they will be carried through the 

Human Health Risk Assessment only to the extent that they aid characterizing human 

health risk as needed for site decisions. It is anticipated that risks resulting from exposure 

to TICs will not be characterized because of the absence of specific contaminant identity 

and available toxicological information. 

8.2.3 Hazard Identification 
The objective of the hazard identification is to identify contaminants present at OU12 in 
concentrations high enough that may be of concern relative to human health 

considerations. The HRR identified uranium, plutonium, beryllium, chlorinated solvents, 

chromates, acids, and hydraulic oil within OU12. In addition to these contaminants, others 

may be identified based on RFI/RI analytical results. Criteria for performing the hazard 

identification include, but may not be limited to: 

Frequency of detection; 

Environmental media concentrations which exceed background concentrations; 
and 

40103-1\FsECnON.B scptrmbcr 29, 1992 
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Comparison with Health/Environmental Criteria. 

8.2.4 

Analytical results from OU12 field sampling will be screened to retain those contaminants 

which are most likely to contribute significantly to risks to humans. These COG represent 

the most toxic, persistent, or mobile contaminants identified at OU12. If COCs have to be 

selected, adequate documentation will be prepared to justify including or excluding specific 

contaminants. As required by the IAG Section VII.D.1.q a technical memorandum which 

includes a listing of the hazardous substances present within OU12 will be prepared and 

submitted to the EPA and State of Colorado for review and approval. The COG selected 

from this list will be included in the memorandum with the known corresponding ambient 

concentrations of these contaminants. The memorandum will be submitted prior to the 

required submittal of the BRA for OU12. 

Selection of Contaminants of Concern 

Figure 8-1 illustrates the screening process to be applied to the OU12 data set to identify 

the COCs for use in the human health risk assessment. This screening process was 

developed using the discussion in the EPA Risk Assessment Guidance for Superfund as a 

guide (EPA, 1989a). Additionally, professional judgement will be utilized in identifying 

COG. The reasoning and justification backing this judgement will also be documented in 
the technical memorandum. 

The resultant list of C O G  will represent those contaminants that survived the screening 

process. Generally, each step identified in Figure 8-1 represents a screening criterion 

which, after evaluation, either retains or eliminates a specific contaminant for 

consideration in the risk assessments. Flow to the left deletes chemicals from the 

quantitative risk assessment; flow to the right retains the contaminant in the quantitative 

40103-1\PSECIlON.8 scptcmber 29, 1992 
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risk assessment. If a potential contaminant of concern is associated with a "hot spot" (a 

waste-related contaminant concentrated in a particular area), the chemical will be 

automatically included in the risk assessment. 

Brief discussions of each step in the COC identification process are provided in the 

following sections. 

8.2.4.1 Site-Specific Chemical Analvte List 

The screening process will be initiated with the analytical results from the site-specific 

chemical analyte list for each media of concern: soils, surface soils, surface water and 

sediments, and ground water. The chemical analyte list will be extensive enough to 

identify the hazardous substances present at OU12 in the media of concern for the 

identified exposure pathways. The analyte list will include volatile organics, metals, and 

radionuclides. 

8.2.4.2 Essential Nutrients 

The next screening step is to determine if any of the contaminants retained in the 

screening process are essential human nutrients. As stated in RAGS section 5.9.4, 

"chemicals that are essential human nutrients, present at low concentrations (Le., only 

slightly elevated above naturally occurring levels), and toxic only at very high doses (Le., 

much higher than those associated with contact at the site) need not be considered further 

in the quantitative risk assessment. Examples of such chemicals are iron, magnesium, 

calcium, potassium, and sodium" (EPA, 1989d). Prior to eliminating these compounds, 

they will be shown not to be present at levels which could result in adverse health effects. 

Consequently, contaminants that meet the essential nutrient criteria will not be considered 

further. 

40103-1\FSECITON.8 scptwber 29, 1992 
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8.2.4.3 Detection Freauency 

The detection frequency of each potential contaminant will be calculated and supported by 

statistical information. Those constituents with a detection frequency greater than 5 

percent will be retained for further consideration; those with a detection frequency less 

than 5 percent will be eliminated. 

8.2.4.4 Hot Spot Delineation 

The hot spot assessment step in the COC screening process is designed to retain 

Contaminants with elevated concentrations that might otherwise be eliminated because of 

infrequent detection. In theory, if a contaminant eliminated from the detection frequency 

step in the screening process is concentrated in a particular area at an obviously elevated 

concentration, and is considered a potential waste-related contaminant, that contaminant 

will be brought back into the screening process as a potential COC. To aid in the hot spot 

assessment step, all concentrations will be compared qualitatively against the central 

tendency (e.g., mean) concentration on a chemical-specific basis. 

8.2.4.5 

Statistical methods will be employed to determine if contaminants carried over from the 

detection frequency analysis had concentrations statistically different from site background 

concentrations. These tests will analyze for equality of variance between the two 

populations. Because the tests performed may be affected by the underlying distribution 

(Le., the tests assume a near-normal distribution), a second series of nonparametric tests 

will be employed. A third comparison will consist of comparing the observed site 

maximum concentrations to background concentrations defined in acceptable literature 

sources. 

Stat istical Comparison to BackDound 
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8.2.4.6 Toxicity Concentration Screen 

The purpose of the toxicity concentration screen is to focus the quantitative risk 

assessment on those contaminants posing the greatest risk given the exposure scenarios 

considered. To conduct the toxicity concentration screen, noncarcinogens and carcinogens 

identified in each media will be grouped accordingly and combined with toxicity constants 

identified in EPA's Integrated Risk Information System (IRIS) or Health Effects 

Assessment Summary Tables (HEAST). The maximum concentration for each of the 

potential contaminants will be multiplied by the inverse of the reference dose (l /Rfd) for 

the noncarcinogenic contaminants. The maximum concentration for carcinogens will be 

multiplied by the slope factor. The multiplication described yields a risk factor for each of 

the potential contaminants (noncarcinogens and carcinogens). By summing the risk factors 

for each group, the contribution to the total risk will be calculated on a percentage basis. 

Those contaminants contributing to greater than one percent of the total risk will be 

retained for the quantitative risk assessment. 

Contaminants retained through the screening process represent the most prevalent, toxic, 

persistent, or mobile contaminants. These will be added to the list of contaminants of 

concern, which will be used in the quantitative risk assessment. 

There are inherent uncertainties that must be recognized in the data collection and 

evaluation component of the Human Health Risk Assessment. Uncertainties include those 

associated with field sampling laboratory analysis and laboratory quality assurance 

procedures, and with accuracy of the RFEDS database or other databases compiled for 

use in the risk assessment. All of these sources of information are used to identify and 

describe COCs. Uncertainty analysis will be performed to characterize and quantify, if 

possible, the sources and magnitudes of uncertainty in the data collection and evaluation 
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component. Quantitative techniques may include sensitivity analysis, or numerical methods 

such as Monte Carlo analysis. A more detailed description of uncertain analyses 

considered for use in completing the overall Human Health Risk Assessment for OU12 is 
in Section 8.5. 

8.3 EXPOSUREAS SESSMENT 
The objectives of the exposure assessment are to identify actual or potential chemical and 

radiological exposure pathways, characterize potentially exposed populations, and 

determine the concentration and duration of exposure. The exposure assessment includes 

several tasks: 

Characterization of the exposure setting relative to contaminant fate and 
transport and potentially exposed populations; 

Identification of exposure pathways which are comprised of a source and 
mechanism of release to the environment, an environmental transport medium, a 
point of potential contact for humans or biota, an exposure point, and an 
exposure route at the exposure point; 

Identification of exposure scenarios associated with pathways to current and 
potential future exposed populations; and 

Identification of uncertainties associated with the exposure assessment that 
impact the risk characterization. 

Exposure is defined as the contact of an organism with a contaminant or physical agent. 

The magnitude of exposure is determined by measuring or estimating the amount of a 

contaminant available at the exchange boundaries. When contaminants migrate from the 
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site to an exposure point, or when a receptor directly contacts contaminated media, 

exposure can occur. 

83.1 

The conceptual site model developed for OU12 discussed in Section 2.5 and shown on 

Figures 2-39 and 2-40 will be used to evaluate primary and secondary contaminant sources 

and releases, and potential receptors and associated exposures. The models help to 

characterize the exposure setting relative to contaminant fate and transport mechanisms 

through exposed receptors. These models may be revised, based on RFI/RI data collected 

for the OU, to incorporate new information. 

To assess the potential adverse health effects associated with access to the site, the 

potential level of potential receptor exposure to the selected contaminants must be 

determined. Both current and potential future receptors are considered in this 

determination. The primary current receptors identified at OU12 include occupational site 

workers, and offsite residents. Offsite potential future receptors include light industrial 

and ecological site worker. Future onsite residential receptors will be considered, although 

it is highly unlikely the FWP will allow unrestricted, residential use in the future. 

Intakes of potentially exposed receptors will be calculated separately for all appropriate 

pathways of exposure to contaminants. Then, the total chronic intake by each route of 

exposure will be calculated by adding the intakes from each pathway. Total oral, 
inhalation, and dermal chronic exposures as well as external exposure from radionuclides 

will be estimated separately. Exposure concentrations will be estimated as described in 

Section 8.3.4 for a variety of reasonable exposure conditions in order to evaluate the range 

of plausible exposure concentrations. At a minimum, the exposure assessment will 

40103-1\FSEC110N,8 scptcmbcr 29, 1992 



EG&G ROCKY FLATS PLANT 
Final m/RI Work Plan 
Operable Unit 12 

Manual: 21100-wP-ou12.1 
Section No.: 1994 8.0. Rev. 0 
Page: 16 of 26 
Effective Date: vN $cptcoaKZS-14QPG 
Organization: Remcdiation Program 

consider the estimated minimum, expected, and reasonable maximum exposure (RME) 
concentrations. EPA guidance defines RME as the 95 percent upper confidence limit on 
the arithmetic mean. RME concentrations will be determined using proper statistics. 

Other factors will be considered to estimate intake including contact rate, frequency of 

exposures, exposure duration, body weight of the exposed population, and averaging time. 

833 Contaminant Fate and TransDort 

The conceptual site model helps identify potential contaminant fate and transport 

mechanisms. These could include soil contaminants leaching to ground water and 

subsequent transport, soil entrainment and downwind deposition, or surface runoff that 

transports surface soil and sediments downslope. Contaminant-specific characteristics 

affect fate and transport. Factors affecting the probability a contaminant will migrate 

include, but are not limited to, the following: 

Solubility; 

Partition coefficients; 

Vapor pressure; 

Henry's Law constant; 

Bioconcentration or dilution factors; and 

Half-life or degradation in the environment. 

The evaluation of these factors will help determine if con.minants can migrate from their 

sources to potential receptors; not only those receptors identified under current use 

scenarios, but those identified under potential future exposure scenarios as well. 
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Models utilized for fate and transport evaluation will be described and submitted in a 

technical memorandum to the EPA and State of Colorado for review and approval as 

required by the LAG Section VII.D.1.b. The memorandum will include a summary of the 

data that will be utilized in these models. Representative data will be utilized and the 

limitations, assumptions, and uncertainties associated with the models shall be 

documented. This memorandum will be submitted prior to the required submittal of the 

baseline risk assessment. 

8.33 Ex~osure Pathwavs 

By using the conceptual site model and information on contaminant fate and transport, 

exposure pathways can be identified. This information, combined with data on the 

physical site setting and potentially exposed site worker population, will be used to identify 

and evaluate complete exposure pathways. The Human Health Risk Assessment will 

consider only complete exposure pathways, those for which data support the presence of a 
source, release mechanism, transport mechanism, exposure route and affected receptor. 

Complete exposure pathways include the receptors and exposure route (ingestion, 

inhalation., dermal, and external irradiation). 

As required by the IAG Section VII.D.l.b, a technical memorandum will be submitted to 

EPA and the State of Colorado for review and approval concerning the exposure 

scenarios. The memorandum will describe the present, future, potential, and reasonable 

use scenarios. A description of the assumptions made and the data used will be included. 

This memorandum will be submitted prior to the required submittal of the baseline risk 

assessment. 
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83.4 Exposure Point Concentrations 

By using the data set identified as part of Subsection 8.2.2, exposure point concentrations 

will be estimated. Some data will be collected at the point of exposure. Other data 

collected at the source may be used in conjunction with a transport model to estimate 

expected concentration at some exposure point. Because modeling may add uncertainty, 

the work plan emphasizes collecting data at exposure points where possible even though 

these data provide only a snapshot of conditions in time and space. 

A statistical approach will be taken to characterize a range of exposure point 

concentrations for representative exposure scenarios and conditions. The initial step will 

be to evaluate and characterize the underlying statistical distribution (e.g., normal, 
lognormal, etc.,) through classical methods such as histograms and goodness of fit tests, 

and similar summary statistics. Based on this initial assessment, suitable measures of 
central tendency and dispersion such as the mean, variance, and similar summary statistics 

will be developed. These measures will be used to characterize exposure point 

concentrations for different cases of interest such as: the expected case; the 95 percent 

lower confidence limit case, and the 95 percent upper confidence limit the RME case. 

83.5 Contaminant Intake Estimation 

Contaminant intake or exposure is normalized for time and body weight, and is expressed 

as milligrams of chemical per kilogram of body weight per day (mg/kg/day). Radionuclide 

intake is expressed in picoCuries @Ci). Six basic factors are used to estimate 

intake: exposure frequency, exposure duration, contact rate, chemical concentrations, body 

weight, and averaging time. These factors are based on the types of exposure, for 

example, ingestion, inhalation, or dermal. 
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The lower confidence limit, upper confidence limit and average exposure point 

concentrations are used in conjunction with receptor activity patterns to estimate 

contaminant intake for each exposure route as appropriate. EPA guidance such as 
Assessment Guidance for SuDerfund Volume I: Human Health Evaluation Manual 

SUDD lemental Guidance. Sta ndard Default Exposure Factors Interim Final. March 25. 1991 
(EPA, 1989d) will be consulted in developing bounding case exposure parameters to 

support an unbiased exposure assessment. Also, the averaging time for carcinogens and 

noncarcinogens differ. 

Other standard contaminant intake rates established by the EPA that will be used, if 

appropriate, include the following: 

9 Soil ingestion rates based on age; and 

Inhalation rates based on activity levels. 

Contaminant intake rates can also be estimated for dermal exposures. Of the three routes 

of exposure (ingestion, inhalation, and dermal), the greatest uncertainty is associated with 

dermal exposures. 

8.3.6 

The ability to construct exposure scenarios for a site depends on the amounts and kinds of 
environmental data collected for that purpose. Some uncertainty is inherent in 
environmental data collection. The numbers and kinds of uncertainties included in the 

exposure assessment directly impact the risk characterization; many professional 

judgements impact the identification and description of physical site attributes that affect 

exposure and activity patterns. One of the major areas of uncertainty in the exposure 

Uncertaintv in the Emosure Assessment 
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assessment is the prediction of human activities that lead to contact with environmental 

media and exposures to site-related contaminants. This section of the Human Health Risk 

Assessment will identify and evaluate how site attributes related to environmental 

sampling and analysis, fate and transport modeling, and exposure parameter estimation 

and assumptions about them affect uncertainty relative to assessing risk. 

8.4 TOXICITY ASSESSMENT 
The objective of the toxicity assessment is to describe the contaminants considered in the 

Human Health Risk Assessment relative to their potential to cause harm. The toxicity 

assessment has two general steps. The first determines what adverse health impacts, if 

any, could result from exposure to a particular contaminant. These are typically classified 

as carcinogenic and noncarcinogenic health effects. The second step, the dose-response 

evaluation, quantitatively examines the relationship between the level of exposure and the 

incidence of adverse health effects. 

Toxicity depends on the dose or concentration of the substance (dose-response 

relationship). Toxicity values are a quantitative expression of the dose-response 

relationship for a contaminant and take the form of reference doses (RfD), Inhalation 

Reference Concentrations (RfC), and cancer slope factors, each of which are specific to 

exposure via different routes. 

Two sources of toxicity values are currently available for chemicals and radionuclides. The 
primary source is the EPA’s Integrated Risk Information System (IRIS) data base, which 

contains up-to-date health risk and regulatory information. IRIS contains only those RfDs 

and slope factors that have been verified by EPA work groups, and is considered by EPA 

to be the preferred source of toxicity information for chemicals. 
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If values are unavailable in IRIS, the most recently available Health Effects Assessment 

Summary Tables (HEAST), issued by EPA's Office of Research and Development, will be 

consulted to identify interim RfDs and slope factors for chemicals and radionuclides. 

Other sources such as ICRP and National Commission on Radiological Protection (NCRP) 
will also be consulted, if IRIS or HEAST values are unavailable. 

Toxicity values for substances identified in OU12 which lack EPA toxicity values can be 

developed in consultation with EPAs Environmental Criteria Assessment Office (ECAO). 

It is not expected that toxicity values will be developed within the OU12 Human Health 

Risk Assessment. However, ECAO may be consulted if other acceptable values are not 

available. 

A technical memorandum will be submitted to EPA and the State of Colorado for their 

review and approval listing the toxicological and epidemiological studies utilized to 

perform the toxicity assessment as required by the IAG Section VII.D.1.c. This 
memorandum will be submitted prior to the required submittal of the baseline risk 

assessment. 

In addition to identifying appropriate toxicity values, this section of the Human Health 

Risk Assessment will provide brief toxicity profiles based on recent, published literature 

for each contaminant evaluated in the Human Health Risk Assessment. These profiles 

will describe the acute, chronic, and carcinogenic health effects associated with radioactive 

and nonradioactive contaminants identified in OU12. Acute and chronic exposure to site- 

related radionuclides will be discussed, but most of the information presented will deal 

with the carcinogenic hazard posed by the site-specific radionuclides. 
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The toxicity assessment section will include a discussion of uncertainties. The numbers 

and kinds of uncertainties identified for the toxicity assessment directly impact the risk 

assessment. Uncertainties for the toxicity assessment are associated with the toxicity 

values and their derivation, or the lack of toxicity values for site-related contaminants. 

Uncertainties include, but may not be limited to, the following: 

Not all constituents at the site have critical toxicity values (such as cancer slope 
factors or reference doses), therefore, potential risk cannot be quantified for 
these constituents and this may underestimate risk from the site; 

Using cancer slope factors derived from the upper 95th percent confidence limit 
is likely to lead to overestimation of risk. Carcinogen slope factors assume no 
threshold for effects; if thresholds do exist, the true risks could be zero at 
sufficiently low doses; 

Lacking toxicity data, synergistic or antagonistic effects cannot be accounted for 
quantitatively; and 

Critical toxicity values derivation include, but may not be limited to, the 
following: 

Extrapolating toxicity values from high experimental doses to low doses for 
environmental exposures; 

Extrapolating data from tests with experimental animals to humans; 
extrapolating test data collected over short durations to long-term exposure 
durations; 

Extrapolating data collected using homogeneous experimental animal 
populations to humans who individually can vary substantially in their 
individual dose-response reactions; 
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Extrapolating from continuous experimental doses given to animals to 
intermittent human exposures; and 

Extrapolating absorption rates. 

The methods used to derive slope factors and reference doses are intended to be 

conservative in recognizing these types of uncertainties. In addition to the numerical 

approaches used to incorporate uncertainty in deriving toxicity values, the overall quality of 

the toxicology data base for a compound is evaluated. This can include consideration of a 

number of studies, their consistency, the availability of information on multiple species and 

multiple routes of administration, the demonstration of a clear dose-response relationship, 

plausible biological mechanisms of action, and especially direct evidence of effects in 

humans. Such reviews are performed by the EPA in developing toxicity parameter values 

and result in an overall evaluation of the confidence level in the toxicity values. Not all 

toxicity values represent the same degree of uncertainty; aU are subject to change as new 

evidence becomes available. 

8.5 RISK CHARACTERIZATION 

This part of the Human Health Risk Assessment presents the evaluation of potential risks 

to public health associated with exposure to contaminants at the OU12 site. Potential 

carcinogenic and noncarcinogenic risks associated with complete exposure pathways will be 

estimated. Risk characterization involves integrating exposure assumptions and toxicity 

information to quantitatively estimate the risk of adverse health effects. Risk 

characterization will be performed in accordance with EPA guidance (EPA, 1989d). 

Noncancer health effects will be assessed by comparing the estimated daily intake or 

exposure to a contaminant to its reference dose (RfD). This comparison measures the 
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potential for noncarcinogenic health effects given the chemical intake factors used to 

estimate exposure. To assess the potential for noncancer effects posed by multiple 

contaminants, the EPA’s hazard index (HI) approach will be used. The method assumes 

dose additivity. Hazard quotients (individual chemical intake divided by the chemical 

RfD) are summed based on identification of exposure pathways and chronic, subchronic, 

and shorter-term exposures; if the index exceeds one, there is a potential for health effects. 

The compounds can be segregated by effect and mechanism of action to determine a 
segregated HI. However, this will only be undertaken if the sum of the HIS exceed unity. 

The potential for carcinogenic effects for nonradiological contaminants will be estimated 

by calculating excess lifetime cancer risks from the lifetime average exposure and cancer 

slope factor. IRIS slope factors for radionuclides of concern will be used to estimate risks 
from exposure for up to four pathways: inhalation, ingestion, air hersion,  and external 

irradiation. HEAST tables will also be used to identify interim RfDs and slope factors for 

any radionuclides of concern not included in the IRIS database, and radiological risks will 
be estimated according to guidance provided by the EPA (1989d). 

For radiological contaminants, dose to the public will first be determined for the pathways 

in question for each radionuclide of concern. Based upon these doses, the risk of an effect 

will be determined using age- and sex-specific coefficients for individual organs receiving 

radiation doses. In accordance with EPA guidance, organ-specific dose conversion factors 

will be used to derive slope factors that represent the age-averaged lifetime excess cancer 

incidence per unit intake for the radionuclides of concern. The sum of the risks from all 

radionuclides and pathways yields the lifetime risk from the overall exposure. Risks will 
be combined as appropriate, taking into consideration the plausibility of multiple 

exposures. 
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The Human Health Risk Assessment will present the chemical and radiological risk 
estimates separately with discussion on the additivity potential for these risks. Both 

noncancer and cancer risks will be estimated by using RME combined with exposure 

assumptions. This allows risk ranges to be considered rather than a single value, and more 

closely considers the uncertainty associated with the estimates. In addition, risks may be 

added across exposure routes if conditions for doing so (i.e., biologically plausible and 

consistent with reasonably expected exposure scenarios) indicate that it is appropriate. 

Not all  contaminants identified at OU12 will have toxicity values, thereby limiting the 

ability to develop quantitative estimates of risk. Where adequate toxicity values cannot be 

identified, potential risks associated with exposure to those constituents will be dealt with 

qualitatively. 

The numbers and kinds of uncertainties identified in the Human Health Risk Assessment 

directly impact the interpretation of estimated risks developed in this section. Quantitative 

risk estimates derived in risk assessments are conditional estimates that include numerous 

assumptions about exposures and toxicity. Uncertainty is introduced from a variety of 
sources including, but not limited to, the following: 

Sampling and analysis; 

Exposure estimation; 

Exposure population dynamics; and 

Toxicological data. 

Risk assessment involves extrapolation of often incomplete data and information obtained 

under one set of conditions to a likelihood or probability of events to be encountered 
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under different circumstances. The objective of this task will be to evaluate the reliability 

of the Human Health Baseline Risk Assessment as a scientifically credible instrument 

upon which to base risk management decisions. An uncertainty analysis will be performed 

to characterize and quantify, to the extent practicable, the sources and magnitudes of 
uncertainty in the human health risk assessment. The existing data bases may be 

inadequate for accurate analysis, and the complexity of the process requires the 

incorporation of expert or subjective judgments. Quantitative techniques may include 

sensitivity analysis of testable or untestable assumptions, first-order analysis to evaluate the 

propagation of errors, or numerical methods such as Monte Carlo analysis. Other methods 

of analysis of incomplete data sets may utilize Batesian theorems, expert systems that 

analyze the consequences of events relative to others, or other types of logic systems such 

as event or fault trees to handle uncertainty. The results of these analyses can be 

converted into quantitative terms to express probabilities. 
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9.0 ENVIRONMENTAL EVALUATION WORK PLAN 

9.1 INTRODUCTION 
OU12 lies entirely within the production area at the RFP site in the 400, 700, and 800 

building areas. This zone has been developed to such an extent that there are no viable 

ecosystems or natural habitat presently existing. There are insufficient ecosystems, 

components, or functions existing on OU12 to require a comprehensive ecological risk 

assessment. In addition, the area containing IHSSs in OU12 overlaps with other plant site 

OUs, and is contained within the OU9 preliminary study area. OU9 is the Original 

Process Waste Lines, a network that extends throughout much of the production area. 

The OU9 Environmental Evaluation (EE) Work Plan defines an ecological risk assessment 

within the production study area that is reduced in scope and focused on requirements 

proportional to the depauperate ecosystems considered. The objective of the OU12 EE is 
to address and characterize effects of contaminants on ecological resources present, and 

then to determine if there is a risk of contamination of offsite biota by target taxa 

migrating from the study area. 

Coordination of OU12 EE requirements with the OU9 EE is mandated by the overlapping 

study areas. A two-stage approach will be conducted in the OU9 EE consisting of habitat 

and biota surveys and ecotoxicological investigations. Habitat and biological surveys 

proposed for OU9 will cover the entire industrial area, including OUl2, and the results 

will apply to the OU12 study area. Following is a brief description of the study 
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components presently proposed for OU9, and how these studies relate to the OU12 EE. 
These sections are based on the technical memorandum for a revision to the EE proposed 

for OU9 (EG&G, 1992i). 

9.2 BIOLOGICAL AND HABITAT SITE CHARACTERIZATION 

Biota and habitat surveys proposed for OU9 will be adequate for the biological and 

habitat characterization of OU12 and will not be duplicated or repeated. These surveys 

will provide the following information applicable to OU12: 

Comprehensive survey and mapping of types and extent of habitats, particularly 
habitats that could support migratory birds; 

Presence and/or use of habitats by raptors and migratory birds, including 
waterfowl and passerine species; and 

Presence or absence of threatened and endangered species, or species of special 
concern. 

This characterization will include a literature review, expert consultation, and field surveys 

for habitat presence verification, bird species presence, vegetation, and mammal 

population characterization. This information will be included in the three following 

reports: 

Habitat survey report for compliance with acts and regulations protecting 
migratory birds; 

Biological survey report for compliance with acts and regulations protecting 
threatened and endangered species; and 

A report of results of small mammal investigations. 
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A list of state and federal plant and animal species of concern is included in Table 9.1. 

Although several birds, one plant species, and one mammal species are listed as occurring 

somewhere at RFP, (designated on the table with a " Y ) ,  there are no habitats within 

OU12 anticipated to support their potential existence. The OU9 EE will address the 

potential presence of these species within the production area. 

9.3 ECOTOXICOLOGICAL INVESTIGATIONS 
Ecotoxicological investigations will be conducted if the following conditions are present on 
ou12 

If target taxa are present on the study area and are accumulating or concentrating 
target analytes; and either 

The contaminated target taxa are capable of migration outside the OU12 study 
boundaries; or 

The contaminated target taxa are highly mobile and actually move outside the 
study or industrial area boundaries. 

If the above conditions are not met, then it is presumed that there is no risk of 
contamination of offsite biota from OU12. 

If an ecotoxicological investigation is necessary, it would consist of the following 

procedures: 

Developing a site-specific Conceptual Exposure Model to identijr potential 
pathways for exposure of onsite biota; 
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Developing a Conceptual Biota Transport model to identify potential pathways 
for offsite transport; 

Selection of target taxa and target analytes (biologically active COCs); and 

Direct measurement of target analytes within target taxa; and 

Potentially conducting histopathological investigations of selected organs and 
tissues to develop baseline pathology data. 

A technical memorandum has been submitted for EPA and CDH review and approval and 

USFWS and CDOW review. The OU9 TM describes procedures for conducting this type 

of investigation for the industrial area and will be adapted, if needed, for the study area in 

ou12. 

9.4 1 T  R 
The Environmental Evaluation (EE) portion of the BRA in the OU12 RFI/RI report will 

consist of results from the OU9 investigation. If an ecotoxicological investigation is 
conducted, the results will be included in the EE portion of the BRA in the RFI/RI 

report. 
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TABLE 9.1 

SOC SPECIES COMPLIANCE LIST AND HABITAT PREFERENCE 

Plants FoMp Threeawn Atfsrida besiramea cs Y xeric uplands with sandy year-found; 

Colorado Butterfly Gaum c2,cs transition between wetland year-round; 
Plant neomexhxna var. bottoms and drier uplands blooms Jul-Sep 

cobradensis above wet meadows 

Toothcup Rot&ramosior cs obligate wetland species year-round; 

Mvuvium Lady's Spimnthes E,- moist swales dominated year-round; 
Tresses diuvialis by grasses, wetlands 

soils and open barrens blooms? 

blooms? 

blooms late Jul- 
dominated by sedges, Aue 
rushes, and cattails 

Pmphibians 
a Reptiles 

Northern Leopard Rana pipens spp. C2,w Y? breeds in marshes and year-round; 
Froa intermitent ponds, forager bnrds MarJun 

in riparian and mountain 
meadows 

C2,ng arid and semiarid own year-round; 
country, Xed8 uplW1d8 forage in sm 

Texas Homed phvnosoma 
Uzwl comulum 

I 

Fish Planis Fundulus c2 streams, lake8 w-nd: 
Topminnow soledicuo opown OP a 

nm 

Common Shiner Nosopis comulus cs streams, laker, yOaf*Und; 
SPmn-OP CL. 
nm 

Whooping Crane GNS americana E* forages in mumtmr, 
cropland (erain %Ids), 
and sagebrush 

wequin DU~C Histrionicus c2 open water mlgrant; sp B fl 1 histrionicus 
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TABLE 9.1 

SOC SPECIES COMPLIANCE LIST & HABITAT PFU+RENCE 

Group Common Name Scientific Name Status RFP Habitat I Time 

Mammals SwiftFox 

Black-Footed 

(E) endan$)ared apech flederal) o w m - d o p r d  
(T) threatened specks (federal) 
(P) proposed to list (federal) 
(e) endangered apecler (state) 
(Cl) Federal Catogory 1 @copom to liat) 
(C2) Federal Category 2 (appropriate to list but no data) 
(C3) Federal Category 3 (formerly proposed) 
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10.0 QUALITY ASSURANCE ADDENDUM 1 

This section consists of the Quality Assurance Addendum (QAA) 
Operable Unit 12 (OU12), which supplements the "Rocky Flats 

Assurance Project Plan for CERCLA Remedial Inves 

Facility Investigations/Corrective Measures Studies 

This QAA establishes the site specific Quality 

investigations at 

Sitewide Quality 

and RCRA 

investigation activities described in the OU12 work plan. 

OU12 is one of 16 operable units (OUs) identified for 

Plant (RFP) Interagency Agreement (IAG). 
substance sites (IHSSs), which are described in 

OU12 work plan was prepared in 

regulations and guidance documents 

the Rocky Flats 

hazardous 

10.1 ORGANXZATIOPJ AND RESPONSIBILITIES 
The overall organization of EG&G Rocky Fiats and the Enviro ental Management 

Department (EMD) and divisions involved in Environmental (ER) Program 

activities is shown in Figures 1-1, 1-2, and 1-3 of Section 1.0 Individual 

responsibilities are also described in Section 1.0 of the QAPjP. 

40103-1\FSEcTION.10 scptcmber 29, 1992 
e DOCUMENT CATION REVIM WAIVER 

ClASSiFlCATlON OFFICE 
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Contractors will be tasked by EG&G Rocky Flats to implement the 

in the OU12 work plan. The specific EMD personnel who 

Contractors and who will provide technical direction are shown 

activities outlined 

with the 

21100-WP-ou12.1 
10.0, Rev. 0 

(t 7 4994 2of18 

Re-- 

10.2 OUALITY ASSURANCE PROGRAM 

QAF'jP illustrates where the 16 QA elements of QAMS-005/80 arelinte, 

QAPjP and also into this QAA. Section 2.0 of the QAPjP also 

and QA requirements documents to which the QAPjP and 

The controls and requirements addressed in the QAPjP 

unless specified otherwise in this QAA. 

activities, the applicable section of the QAPjP 

addresses additional and site-specific QA 

OU12 activities that may not have been 

of the QA requirements specific to 

Where 

referenced in this QAA. 

0 
40103-lWSEcI1ON.10 29. 1992 
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Personnel qualification and training requirements for RFP ER P ogra1 
addressed in Section 2.0 of the QAPjP. Personnel qualifications an trair 

102.1 Training 

perform the EMD SOPs that are applicable to OU12 investigations ark spec 

respective procedures. The EMD SOPs are identified in Table 10.1.' 

i 
I I 10.22 

A QA summary report shall be prepared annually or at the conclusi n of 

(whichever is more frequent) by the EMD Quality Assurance Project ana 

designee. This report shall include a summary of field operation and 1 bora1 

surveillance, and audits and a report on data verification and validat on re 

0 ua1it-y Assurance ReDorts to Manapement 

I 

'if z \'\b\ 

21100-w-ou12.1 

10.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC e 

1994 10.0, Rev. 0 
3 of 18 

Ilr'VES$IGATIONS 

i activities are 

ing required to 

Sed within the 

these activities 
;er (QAPM) or 

xy inspections, 
;ults. 

The OU12 work plan describes the investigation activities that will b 

the characterization of the OU12 IHSSs. The OU12 work plan 

the investigations; specifies the sampling, analysis, and data 

identifies applicable operating procedures that will provide 
As such, the OU12 work plan is considered the investigation 

10.3.1 Desirm Control 

activities. 

Data needs and data quality objectives (DQOs) for OU12 investiga 

Sections 4.0 and 8.0. Identification of data needs and objectives 

addressed in 
10.33 Data Ouality Obiectives 

determining what the quality of the data should be, which in turn dictdtes tl 
, 
le type of quality 

generated. The 
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DQOs for the OU12 investigations were established in accordance 

QAPjP. Data quality can be measured in terms of precision, 

comparability and completeness (also referred to as 

Adpendix A of the 

redresentativeness, 

These 

parameters are defined in Appendix A of the QAPjP. 

PARCC parameter goals are established prior to initiating investigati ns in order to assist 

decision makers in determining if DQOs for measurement data have been pet. Historical 

precision and accuracy measures for EPA 

methods have been determined. These 

for all Analytical Level IV data. Analytical levels are defined and 

of the QAPjP and Section 4.0 of this work plan. 
Analytical Level 111, IV, and V data for EPA Target 

and several indicator analytes are listed in 

'p 

in Appendix A 

goals for The 

accuracy goals for Analytical Level I and II data, which consist of1 fieldi 

analysis measurements, have been established for several parameters 

in Appendix B of the QAPjP. Table 4.3 of the OU12 work plan 

levels for each type of data to be generated during field 

representativeness, comparability, and completeness for the RF'P 
including OU12 investigations, are discussed in Appendix A of 

The ecological characterization activities inherent in Section 9.0 are t be a d 
the OU12 EE. These characterization data typically require Analytic 

Data quality for these characterization activities shall be controlled 

sampling operating procedures used in the OU12 EE. 

40103-1\FSEcI1ON.10 Scptcmber 29, 1992 
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Sampling locations and frequencies for radiological surveys, soil 

samples, soil, and ground water for OU12 IHSSs are addresse 

summarized in Table 6.1. Sampling equipment and procedures 

identified in Section 6.4. The SOPs that are applicable to OU12 

particular activities to which they are applicable are summarized 

the Environmental Evaluation in OU12 are presented in the 

10.3.3 SamDlinP Locations and SamDling Procedures 

Plan. 

The analytical program for the OU12 RFI/RI investigation is discuss d in qection 6.5. The 

analytes of interest and the specified detection limits are identifie in Table 6.2. The 

10.3.4 Analytical Procedures 

analytical methods that shall be adhered to are those that are specified1 in the EG&G Rocky 

Flats General Radiochemistry and Routine Analytical Services Protocoi (G-SP), Parts A 

and B. These methods are referenced in Section 3.0 of the QAF'jp/. Specific analytical 

1 e 

methods for each analyte identified in Section 6.5 are referenced 

QAPjP. 
App 

Non-dedicated sampling equipment @e., sampling equipment that is 

location) shall be decontaminated between sampling locations in 

General Equipment Decontamination. Other equipment (e.g., 

contaminated during drilling, hydrogeologic/geologic testing, 

shall also be decontaminated as specified in EMD 

10.3.5 Eaui pmen t Decontamination 

Decontamination. 

4018-1\FSE<JI10N.10 Scpcembcr 29, 1992 
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10.3.6 Air Ouality 

Air monitoring shall be conducted during implementation of field qctivit 

potential to create windblown dispersion of contaminants, includin dri: 

installation of boreholes and monitoring wells. Air monitoring $11 e1 

RFI/RI activities comply with the RFP Interim Plan for Prevedtion 

Dispersion. Air Monitoring shall be conducted according to EMD SOP Fi 
Contaminant Dispersion Control. 

I 

ig 

I 

10.3.7 Duality Control 

To ensure the quality of the field sampling techniques, collection andlor pr 

quality control (QC) samples are incorporated into the sampling scheme. I 

and collection frequencies for OU12 are addressed in Section 6.7 a 

Table 6.5. A specific sampling schedule shall be prepared by the si;unpli 

for approval by the EG&G Project Manager, prior to sampling. 

I 

@ 

I 

10.3.7.1 Obiectives for Field OC SamDles 

Equipment rinseate blanks are considered acceptable, if the concedtratic 

interest is less than three times'the required detection limit for each b a l y  

Table 6.2. Field duplicate samples shall agree with 30 percent relative pc 

for aqueous samples and 40 percent for homogenous, non-aqueous $amp1 

Field preservation blanks (for organics and inorganics, respectively) indicr 

contamination when analytes are detected above the minimum detection 

in Table 6.2. The Laboratory Analysis Task Leader, shown in the iorga 

Figure 10-1, is responsible for verifying these criteria and shall be re$pons 

I 

to see if they are met and for qualifying data. e 
40103-1WSECI10N.10 scptrmkr 29.1992 
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10.3.7.2 Laboratorv OA 

Laboratory QA procedures are used to provide measures of internal cc)nsistc 

and storage procedures. The laboratory contractor shall submit Iwrittl 

Laboratory Analysis Task Leader for approval. The interlaboratory SOPS SI 
with EPA-CLP QC procedures or provide acceptance criteria for thdse an 

and compounds than do not have specific CLP procedures. The laboratory 

the following areas in sufficient detail and reflect actual operating condition 

analysis of EG&G RFP samples: 

Sample receipt and log-in; 

Sample storage and security; 

Facility security; 

Sample tracking (from receipt to sample disposition); 

Sample analysis method references; 

Data reduction, verification, and reporting; 

Document control (including submitting documents to EGL 

Data package assembly (see Section 111.A of the GRRASl 

Qualifications of personnel; 

Preparation of standards; 

Equipment maintenance and calibration; 

List of instrumentation and equipment (including date purchase( 
model number, manufacturer, and service contracts, if any); 

40103-1\FSECnON.10 SC+dCf 29, 1992 
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I 
Instrument detection limits; I 

I 

Laboratory QC checks applicable to each analytical metho 

~ 

Acceptance criteria for non-CLP analyses; and 

Laboratory QC techniques to ensure consistency and validity of anal4icali 

detecting potential laboratory contamination of samples) include using rea 

blanks, internal standard reference materials, laboratory replicade an 
duplicates. The laboratory contractor shall follow the standard ev 

QC procedures, including frequency of QC checks, that are 

of analytical method being used as specified in Parts A and B of thl 

Section 3.0 of the QAPjP. All data packages shall be forwarded to the La1 
Task Leader, the project manager or the validation contractor, she+ or; 

Figure 10-1 for review and verification. 

* 
10.3.8 Ouality Assurance Monitoring 

To assure the overall quality of the RFI/RI activities discussed in the bUl: 
inspections shall be conducted daily and audits and surveillance 

intervals. The intervals will be determined by the importance 

activity. Intervals will also be based on the schedule contained 'n Se 

minimum, each of the field sampling activities described in Sections .3 st 

by an independent surveillance team at least once during the samplink pro1 

conduct audits of the laboratory contractor(s) as specified in the GR 

The audits and surveillance, and activity Readiness Reviews ar 

Section 10.18. 

1 6 
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211~wP-oU12.1 
10.0, Rev. 0 

* 

Remediation Program 

esults (including 

:ent blanks, field 

ilysis, and field 

n guidelines and 

e particular type 

GRRASP and 

oratory Analysis 

;adzationally on 

!work plan, field 

hcted at various 

nplexity of each 

ction 7.0. At a 

al l  be monitored 

:ess. EG&Gwill 

', Parts A and B. 
lssed further in 



0 EG&G ROCKY FLATS P W  Manual: 
Final RFI/RI Work Plain 
Operable Unit 12 Page: 

Scction No.: 

Effective Date: 
Organization: 

10.3.9 

10.3.9.1 Analytical ReDorting Turnaround Times 

Analytical reporting turnaround times are as specified in Table 3.1 

QAPjP. 

Data Reduction. Validation. and ReDorting 

10.3.9.2 Data Reduction 

Reduction of laboratory measurements shall be in accordance with t 

for each analytical method. Laboratory data shall be compiled into 

by the laboratory contractor. A sample data package shall be developed 

delivery group or sample batch, with separate data packages for each 

a data package for organics, one for inorganics, one for water quality 

for radionuclides). The sample data package shall consist of a cover 

a case narrative, data summary forms, and copies of the data 

Attachments I in Parts A and B of the GRRASP. The reduced data 

validation process to verify that the laboratory control and the overad 

of Se 

e m 

slampl 

type 

para 
shieet/t 

chec 

will be 

sysi 

Validation activities consist of reviewing and verifying field and labo: 

evaluating these verified data for data quality. Data quality is det rmin 

accuracy, representativeness, comparability, and completeness of th data 

laboratory data validation activities and guidelines are describe I anc 10.3.9.3 Data Validation 

Section 3.0 of the QAPjP. The process for validating the quality 

sample collection, chain-of-custody, and analysis process 

graphically in Figure 3-1 of Section 3.0 of the QAPjP, and is also 

401@3-lWSEKTION.10 Sqmnbcr 29, 1992 
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! 

I 

Section 8.0 of the QAPjP. The criteria for determining the validity data at Rocky 

Depending on the data validation process, data shall be flagged as 

with qualifications," or "rejected." The results of the data 

Department Data Assessment Summary reports. The 

"acceptable 

Flats are described in Section 3.3.7 of the QAPjP. 

10.3.9.4 Data Reporting 

I 

is also described in Section 3.3.7 of the QAPjP) shall also be address RFI Project 

Manager. 

Procurement documents for items and services, including 

investigations and analytical laboratories, shall be 

accordance with the requirements and methods 

10.4 PROCUREMENT DOCUMENT CONTROL 

10.5 INSTRUCTIO NS. PROCEDURES. AND DRAWINGS 

The OU12 work plan describes the activities to 

be reviewed and approved in accordance with 

and drawings outlined in Section 5.0 of the QAPjP. 

EMD SOPS approved for use are identified in Table 10.1, which also 1 
applicability. Any additional quality-affecting procedures proposed for se bu 
in Table 10.1 will be developed and approved as required by Section 5.4 of th 

to performing the affected activity. 

I 

d 
40103-IWSECI'ION.10 seplembcr 29. 1992 
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Changes and variances to approved operating procedures and th 

documented through preparation of Document Change Noti 

prepared, reviewed, and approved in accordance with require 

of the QAPjP. (Note: DCNs were referred to as Procedure 

of the QAPjP). 

10.6 DOCUMENT CONTROL 

The following documents shall be controlled in accordance 

RFI/RI Work Plan, Operable Unit No. 12; 

Rocky Flats Plant Sitewide Quality Assurance Project P1 
Investigation/Feasibility Studies and RCRA Facility 
Measures Studies Activities (QAPjP); 

Quality Assurance Addendum (QAA) to the R 
Operable Unit No. 12, RFI/RI Activities; and 

EMD Standard Operating Procedures (all oper 
QAPjP, this QAA, and to-be-developed laboratory SOPS). 

10.7 

Contractors that provide services to support the OU12 w 
and evaluated as outlined in Section 7.0 of the QAPjP. 

and audit of proposed contractors as well as periodic au 

performance during the life of the contract. A n y  items 
use during the OU12 investigations that have the abil 

shall be inspected upon receipt. 

CONTROL OF PURCHAS ED ITEMS AND SERVICES 

by % 

- 
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10.8 

10.8.1 Samgle Containers/Preservation 

Appropriate volumes, containers, preservation requirements, and holding times for water 

and soil samples are presented in Table 6.3. 

IDENTIFICATION AND CONTROL OF ITEMS. SAMPLES. AND DATA 

I 
I 

I 21100-WP-ou12.1 

10.8.2 Sa m d e  Identification 

RFI/RI samples shall be labeled and identified in accordance with Section 8.0 of the QAPjP 

and EMD SOP F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water 

Samples. Samples shall have unique identification that traces the sample to the appropriate 

MSS, and indicates the method(s), date, the sampler(s), and conditions prevailing at the 

time of sampling. 

10.8.3 Chain-of-Custody e 
Sample chain-of-custody shall be maintained through the application of EMD SOP F0.13, 

Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples, and as 

illustrated in Figure 8-1 of the QAPjP for all environmental samples collected during field 

investigations. 

10.9 CONTROL OF PROCESSES 

The overall process of collecting samples, performing analyses, and inputting the data into 

a database is considered a process that requires control. The process is controlled through 

a series of written procedures that govern and document the work activities. A process 

diagram is shown in Section 8.0 of the QAPjP. 

40103-1\psEcT10N.10 29.1992 
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10.10 INSPECTION 

Procured materials and construction activities (e.g., ground water monitoring well 

installation) shall be inspected (as applicable) in accordance with the requirements specified 

in Section 10.0 of the QAPjP. 

10.11 TE-L 

Test control requirements specified in Section 11.0 of the QAPjP will be followed during 

the conduct of slug tests in monitor wells at OU12 IHSS investigations. 

10.12 

10.12.1 Field EauiDment 

Specific condvctivity, temperature, pH, dissolved oxygen content, oxidation-reduction 

potential, and turbidity of water samples shall be measured in the field. Hexavalent 

chromium, nitrate, and sulfate will also be determined in the field for selected samples. 

Field measurements shall be taken, and the instruments will be calibrated as specified in 

EMD SOP SW.2, Field Measurements of Surface Water Parameters. Measurements shall 

be made using the following equipment (or EG&G-approved alternates): 

CONTROL OF MEASURING AND TEST EOUIPMENT (M&TE) 

0 

Temperature: mercury-filled, teflon-coated, safety-type thermometer (VWR 
Catalogue No. 6107-832 or equivalent) or digital readout thermistor (VWR 
Catalogue No. 61017-562 or equivalent); 

Specific Conductivity: HACH 44600 Conductivity/TDS Meter or YSI Model 3500 
flow through cell; 

Dissolved Oxygen: HACH or YSI Model 3500 flow through cell; 

pH: 
measurements) or YSI Model 3500 flow through cell; 

HACH One pH Meter (this meter may also be used for temperature 

40103-1\FSEC110N.10 Scptwbcr 29, 1992 
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Oxidation-reduction potential: platinum redox electrode; 

Sulfate: and Turbidity: HACH DE000 spectrophotometer; 

Alkalinity: HACH digital titrator; 

Hexavalent Chromium: Chemetrics K-2810 Chernets kit; and 

Nitrate: Chemetrics K-6902 Chemets kit. 

In addition to the field measurements for water quality, field measurements for radiation, 

soil gas, and volatile organics in soil and ground water shall also be made. The following 

instruments will be used for these measurements. 

Radiological field readings for field survey grid locations, soil samples, and drill 
cuttings, core, and samples: A high purity germanium (HPGe) gamma ray 
detector. Use, calibration, and maintenance will be according to EMD SOP 
currently in development; and 

Field measurements of volatile organics in soil gas, soil, and ground water: A 
mobile laboratory equipped with gas chromatographs with multiple detectors. Use, 
calibration, and maintenance will be according to procedures described in 
Appendix H. 

Each piece of field equipment shall have a file that contains: 

Operating instructions; 

Specific model and instrument serial number; 

Routine preventative maintenance procedures, including a list of critical spare parts 
to be provided or available in the field; 

401@3-1WSECI'lON.10 29, 1992 



Manual: 211wwP-ou12.1 
Scction No.: 

Effective Date: 
Organization: Remediation Program 

EGLG ROCKY FLATS PLANT 
Final RFl/FU Work Plan 
Operable Unit 12 Page: 

~ ~ 

i 
~~ 

Calibration methods, frequency, and description of the calibrat on solutions; and 

Standardization procedures (traceability to nationally-recogniz d standards). e 
The above information shall, in general, conform to the rnanufactu 

operating instructions or shall explain the deviation from said instrud 

10.122 Labora t o q  EauiDment 

Laboratory antilyses will be performed by contracted laboratories. The 

analyze environmental samples shall be calibrated, maintained, and cont 
with the requirements contained in the specific analytical protocols use 
GRRASP. This information shall be supplied to EG&G as a laboratc 

0 
10.13 HANDLING. STORAGE. AND SHIPPING 
Samples shall be packaged, transported, and stored in accordance 
Containerizing, Preserving, Handing, and Shipping of Soil and Water ! 

sample holding times, sample preservation, sample volumes, and  sa^ 

specified in Table 8.1 of the QAPjP. Sample handling and storage contr 

shall be provided as a laboratory SOP. 

10.14 

The requirements for the identification of inspection, test, and oper: 
implemented as specified in Section 14.0 of the QAPjP. A log specif] 
boreholes and ground water monitoring wells shall be maintained by 
Task Leader, which shall include wellroorehole identification numbe 

casing depth of hole, depth to bedrock, static water level (as applicabl 

STATUS OF INSPECTION. TEST. AND OPERATIONS 
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bottom of screen (as applicable), diameter of hole, diameter of casing, top/bottom of 
casing. 

10.15 a 
The requirements for the identification, control, evaluation, disposition of 

nonconforming items, samples, and data shall be implemented as 
of the QAPjP. Nonconformances identified by the shall be 

in Section 15.0 

submitted to EG&G for processing as outlined in the QAPjP. 

10.16 CORRECTIVE ACTION 
The requirements for the identification, documentation, and verification c 

for conditions adverse to quality will be implemented as outlined in ! 

QAPjP. Conditions adverse to quality identified by the implementing 

documented and submitted to EG&G for processing as outlined in the 

10.17 0UALI"Y ASSURANCE RECORDS 

QA records shall be controlled in accordance with EMD SOP FO.2 

Control. QA records to be generated during OU12 M/RI activities i 

limited to: 

Field Logs and Data Record Forms (e.g., sample collection 
water, soil, and air); 

Calibration Records; 

Sample Collection and Chain-of-Custody Records; 

Laboratory Sample Data Packages; 

4 0 1 0 ) - 1 W S ~ O N . 1 0  SepIanber 29. 1992 
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Drilling Logs; 

Work Plan/Field Sampling Plan; 

QAPjP/QAA; 

Audit/Surveillance/Inspection Reports; 

Nonconformance Reports; 

Corrective Action Documentation; 

Data Validation Results; 

Data Reports; 

Procurement/Contracting Documentation; 

Training/Qualification Records; and 

Inspection Records. 

OUALITY VERIFICATION 

The requirements for the verification of quality shall be implemente 

Section 18.0 of the QAPjP. EG&G shall conduct audits of the laborat 

specified in the GRRASP, Parts A and B. The EMD QAPM shall deve 

schedule with the surveillance intervals based on the importance and CI 

sampling/andyticd activity. Intervals will also be based on the schec 

Section 7.0. 

Examples of some specific tasks that shall be monitored by the surveillan 

follows: 

40103-1WSECIlON.10 scpumber 29.1992 
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Records management (a surveillance will be conducted once at 
OU12 activities and monthly thereafter); and 

Organization: " ~ Rtm;diatioa Program 

the initiation of 

Soil borings and well installation (approximately 10 percent of t h e holes); 

Data verification, validation, and reporting. ~ 

Audits of contractors providing field investigation, construction, and alytical support 

services shall be performed at least annually or once during the life of the p oject, whichever f 
is more frequent. 

~ 

A Readiness Review shall be conducted by the EMD QAPM prior to 

of OU12 field investigation activities. The readiness review will 

prerequisites have been met that are required to begin work. The 

0 
of the QAPjP and this QAA shall be addressed. 

10.19 $ O r n A R E  CONTRO L 
The requirements for the control of software shall be 

Section 19.0 of the QAPjP. Only database software is 
work plan activities. Operating procedures 

as specified in 

storing 

for the OU12 

environmental data can be found in EMD 

- 
40103-lWSECTION.10 seplcmbcr 29. 1992 



d 

# 

# 

# 

0 

5 
4 

E 
3 1 



Y 

jf e, 

VIV) 

5 
8 
.8 Y 

H 
1 

a 

p1 

0 
za 

x 

a 

E 

E # #  

# # E  

b 
e, 

a B 
& 



ENVIRONMENTAL PROGRAMS I DEPARTMENT E. D.,LEE DIRECTOR I 1 1 ,  
ENWRONME TAL RESTORATION 

I ASSURANCE u PROG AM MANAGER 
I I L. 1.. MCINROY 

REMEMATION PROGRAMS I I 
DIVISION MANAGER I 

I 
I 

QUALITY ASSURANCE COORDINATOR 

W. S. BUSBY - 
I 

CE RCLA/SITE WIDE 
GROUP MANAGER 

C. B. GEE(ACTING) 

I M. C. BROOKS 

I l 

J I AIR PROGRAM I 
COORDINATOR 

PROJECT 
CONTROL MANAGEMENT 

TASK LEADER 
E. D. EWAN 

RFlfil PROJECT 
MANAGER --------- 

G. A. ANDERSON 

I 

I 0. Y.1 SASSONE I 

I 
I 

I 
LABORATORY 

ANALYSIS 
TASK LEADER 

RADIONUCLIDES 
K. SCHOANDALLER 

LABORATORIES I 

LABORATORY 
ANALY SIS 

TASK LEADER 
ORGANICS/ 
INORGANICS 
B. MONTAN0 

FIELD 
ACTIVITIES 

TASK LEADER 
S. PARIS 

. d I  

DRILLING/ 

CONTRACTORS 

LABORATORIES 

ENVIRONMENTAL 
EVALUATION 

TASK LEADER 

LABORATORY LABORATORY 
VALIDATION VALIDATION 

ROCKY FLATS PLANT 
GOLDEN, COLORADO 

FIGURE 10-1 
PROJEC MANAGEMENT 

CHART FOR O U 1 2  



21100-WP-ou12.1 

1 O f 9  

I 

EG&G ROCKY FLATS PLANT Manual: 
Final W/RI Work Plan 
Operable Unit 12 Page: 

Section No.: 

Effective Date: 
Organization: 

e 
Approved by: 

11.0 REFERENCES I 

ASTM, 1991: American Society of Testing Materials, "1991 
Volume 04.08 Soil and Rock; Building Stones; 
Philadelphia, Pennsylvania. 

Book of Standards, 
1916 Race Street, 

CDH, 1992: Letter dated April 21, 1992 from CDH and EPA to DOk. 

Dames and Moore, 1981: Dames and Moore, "Geologic and Seismolo 'c Investigations for 

Davis, 1986: J.C. Davis, "Statistics and Data Analysis in Geology,: S cond Edition, John 

Rocky Flats Plant," Contract DE-ACM-80A110890, 198 1. 

Wiley & Sons, New York, 1986. t 
DOE, 1980: United States Department of Energy, "Final 
Rocky Flats Plant Site, Golden, Jefferson County, 

Impact Statement: 
3, Washington, 

D.C., DOE/EIS-0064, 1980. 

DOE, 1986: United States Department of Energy, "Comprehe ive Environmental 
Assessment and Response Program Phase I: Draft Installation Rocky Flats Plant," 
Washington, D.C., DOE, Unnumbered draft report, 1986. 

DOE, 1987: United States Department of Energy, "RCRA Part 
Application for U.S. DOE - Rocky Flats Plant, Hazardous & 

DOE, 1988: United States Department of Energy, "Resource 
Act, Post-Closure Care Permit Application for U.S. DOE - 
& Radioactive Mixed Wastes," Rockwell International, 
Vols. XIV - XVI, Original Process Waste Lines Closure 

C07890010526, Revision 1, December 15, 1987. 

Operating Permit 
Mixed Wastes," 

and Recovery 
Hazardous 

40103-2\FSECTION.ll September 29. 1992 



I 

EG&G, 1991d: EG&G Rocky Flats, Inc., "General Radiochemistry and 
Services Protocol (GRRASP)," Golden, Colorado, 1991. 

EG&G ROCKY FLATS PLANT 
Final RFI/RI Work Plan 
Operable Unit 12 

Routine Analytical 

21 loo-WP-ou12.1 
1.0, Rev. 0 

Remediation Program 

Manual: 
Section No.: 
Page: 
Effective Date: 
Organization: 

DOE, 1991a: United States Department of Energy, "Federal Facility Agr 
Order (Interagency Agreement [IAG]: DOE, EPA, and CDH)," 

and Consent 

1991. 

DOE, 1991b: United States Department of Energy, "1989 Population, 
Use Data Base for the Rocky Flats Plant, Golden, Colorado," 

and Land 

press, 1991. 

EG&G, 1989: EG&G Annual Monitoring Report. I 
EG&G, 1990a: EG&G Rocky Flats, Inc., "Final Background Geochemi al Characterization 
Report for 1989, Rocky Flats Plant," Golden, Colorado, 1990. C 
EG&G, 1990b EG&G Rocky Flats Plant, Inc., "Data Validation Fun ional Guidelines," 
Golden, Colorado: Environmental Restoration Department, Environme tal Monitoring and 

EG&G, 1990d: Wetland Assessment, Rocky Flats Plant Site, April 19 I 0. 

Assessment Division, 1990. 

EG&G, 1990~: EG&G Annual Monitoring Report. e 
EG&G, 199Oe: Draft Wetlands Assessment for U.S. DOE - Rocky Fl+ Plant. 

EG&G, 1991a: EG&G Rocky Flats, Inc., "Phase II Geologic ion, Task 6 Surface 
Geologic Mapping Draft Report," Golden, Colorado, 1991. 

EG&G, 1991b EG&G Rocky Flats, Inc., Draft Final, "Phase 11 
(Bedrock), 903 Pad, Mound, and East Trenches (Operable Unit No, 
Golden, Colorado, January 1991. 

/RI Work Plan 
Flats Plant," 

EG&G, 1991c: EG&G Rocky Flats, Inc., Draft Final, "Geologic Chara erization Report," 
Golden, Colorado, July 31, 1991. h 

EG&G, 1991e: EG&G Rocky Flats, Inc., "Rocky Flats Plant Site-Wid Quality Assurance 
Project Plan for CERCLA RI/FS and RCRA RFI/CMS Activities," en, Colorado, 1991. 

40103-2\FSECT10N.ll Scptmmber 29. 1992 



EG&G ROCKY FLATS PLANT Manual: 
Final RFI/RI Work Plan 
Operable Unit 12 Page: 

Section No.: 

Effective Date: 
Organization: YiK' 

EG&G, 1991f: EG&G Rocky Flats, Inc., "EG&G Rocky Flats Pant Environmental 
Management Division Operating Procedures Manual," September 199 f . 

211oo-wP-ou12.l 
11.0, Rev. 0 

% 
Remediation Program 

EG&G, 1991g: EG&G Rocky Flats, Inc., "Interim Plan for 
Dispersion, Rocky Flats Plant Site, Golden, Colorado," 

on of Contaminant 

EG&G, 1991h: Assessment Known, Suspect, and Potential Enviro 
Polychlorinated Biphenyls (PCBs). 

ental Releases of t 
EG&G, 1991i: Draft Rocky Flats Plant Spill Control and Prevention P1 . October 21,1991. 

EG&G, 1991j: Assessment of Known, Suspect, and Potential Enviro ental Releases of 
Polychlorinated Biphenyls (PCBs), Preliminary Assessment/Site Descri f tion, October, 1991. 

EG&G, 1992a: EG&G Rocky Flats Plant, Inc., "Final Phase I RFI/ Work Plan Original 
Process Waste Lines. Operable Unit 9, Rocky Flats Plant," Golden, February 1992. 

EG&G, 1992b: EG&G Rocky Flats Plant, Inc., "Final II Geologic 
Characterization, Data Acquisition. Surface Geologic 
Vicinity, Jefferson and Boulder Counties, Colorado," 

EG&G, 1992c: EG&G Rocky Flats Plant, Inc., "Historical Release eport for the Rocky 
Flats Plant, Rocky Flats Plant," Golden, Colorado, 1992. 

EG&G, 1992d: EG&G Rocky Flats Plant, Inc., personal communicati n with Ron Reiman 
regarding high purity germanium (HPGe) surveys, March 1992. b 
EG&G, 199% EG&G Rocky Flats Plant, Inc., "Final Phase I RFI/RI Plan 700 Area, 
Operable Unit 8, Rocky Flats Plant," Golden, Colorado, 1992. 

EG&G, 1992fi Background Geochemical Characterization Plan, Fel$-uary, 1992 

EG&G, 1992g 1991 Annual RCRA Groundwater Monitoring Rep0 for Regulated Units 
at Rocky Flats Plant, March, 1992. 

EG&G, 1992h: EG&G Rocky Flats Plant, Inc., Draft Final 
Addendum to Final Phase IIl RFI/RI Work Plan. Surface Soil 

Memorandum 5. 
Analysis Plan. 

Operable Unit 1. February, 1992. a 
40103-Z\FSECTlON.1 I September 29. 1992 



EG&G ROCKY FLATS PLANT Manual: 
Final RFI/RI Work Plan Section No.: 
Operable 'Unit 12 Page: 

Effective Date: 
Organization: 

EG&G, 19923: EG&G Rocky Flats Plant, Inc., Environmental E 
Memorandum. Addendum to Final Phase I RFI/RI Work Plan, Ori 
Lines, Operable Unit No. 9. June, 1992. 

EPA, 1983: United States Environmental Protection Agency, "Haz 
Treatment, SW-874, Municipal Environmental Research Laboratory," 0 
Development, Cincinnati, Ohio, April, 1983. 

EPA, 1987: United States Environmental Protection Agency, "Data Q 
Remedial Response Activities," Washington, D.C., EPA/543-/G-87/00: 
9355.0-7B, March 1987. 

EPA, 1988: United States Environmental Protection Agency, Interim 
Conducting Remedial Investigations and Feasibility Studies Under CEl 
D.C., EPA/540/8-89/004, OSWER Directive 9355.3.01, October 1981 

EPA, 1988b: United States Environmental Protection Agency, "Fedei 
Number 11, Limiting Values of Radionuclide Intake and Air Conc 
Conversion Factors for Inhalation, Submersion, and Ingestion,," Washing 
of Radiation Programs, EPA/520/1-88/020, 1988. 

EPA, 1988c: United States Environmental Protection Agency, ''; 
Assessment Manual," Washington, D.C., EPA, Office of Emergency and 
EPA/540/1-88/001, 1988. 

EPA, 1989a: United States Environmental Protection Agency, Interim f 
Investigation (RFI) Guidance," Washington, D.C., EPA/53O/SW-89-C 

EPA, 1989b: United States Environmental Protection Agency, "Risk P 
for Superfund Volume 11, Environmental Evaluation Manual," Interir 
D.C., EPA, Office of Emergency and Remedial Response, EPA/540/ 

EPA, 1989c: United States Environmental Protection Agency, "Metho 
Attainment of Cleanup Standards, Volume 1: Soil and Solid Medj 
Planning, and Evaluation, EPA 230/02-88-042. 

40103-2\FSECTION.11 September 29. 1992 

21100-WP-ou12.1 

F-G 

Remediation Program 

duation Technical 
nal Process Waste 

*dous Waste Land 
ice of Research and 

ality Objectives for 
OSWER Directive 

inal, "Guidance for 
ZLtl" washington, 

1 Guidance Report 
ntration and Dose 
n, D.C., EPA Office 

iperfund Exposure 
,emedial Response, 

ial, "RCRA Facility 
1, May 1989. 

sessment Guidance 
Final, Washington, 
-89/002, 1989. 

i for Evaluating the 
I Office of Policy, 



EG&G ROCKY FLATS PLANT Manual: 

EPA, 1989d: United States Environmental Protection Agency, "Risk i! 
for Superfund, Human Health Evaluation Manual," Volume 1, (Part A)/ 
EPA/540/1-89/002, including O S W R  Directive 9285.6-03 Human 
Supplemental Guidance: "Standard Default Exposure Factors." 

21100-WP-ou12.1 

EPA, 1989e: United States Environmental Protection Agency, "Ecolc 
Hazardous Waste Sites: A Field and Laboratory Reference," Washingtc 
of Emergency and Remedial Response, EPA/600/3-89/013, 1989. 

Effective Date: 
Organization: 

EPA, 1990 United States Environmental Protection Agency, "Guidanc 
in Risk Assessment," Interim Final, Washington, D.C., EPA, Officc 
Remedial Response, EPA/540/G-90/008, October 1990. 

\&@ %- Remediation Program 

EPA, 1991a: United States Environmental Protection Agency, Draft, "G 
of Investigation-Derived Waste," Washington, D.C., EPA, 1991. 

EPA, 1991b United States Environmental Protection Agency, Dra 
Guidance for Superfund, Human Health Evaluation Manual," Volume 
Publication 9285.7-01B, 1991. 

Gilbert, 1987: R.O. Gilbert, "Statistical Methods for Environmental P1 
Van Nostrand Reinhold Company Inc., New York, New York, 1987. 

Hurr, 1976 R.T. Hurr, "Hydrology of a Nuclear-Processing Plant Site, E 
County, Colorado," U.S. Geological Survey Open-File Report 76-268, 

Hydro-Search, 1985: Hydro-Search, Inc., "Hydrogeologic Characterizat 
Plant, Golden, Colorado," Project No. 1520, 55 pp., 1985. 

Hydra-Search, 1986 Hydro-Search, Inc., "Electromagnetic Survey, Rock 
Colorado," Project No. 106605502, 1986. 

Kohler et al., 1955: Kohler, M.A., T.S. Nordenson, and W.E. Fox, Eva 
and Lakes, Research Paper 38, U.S. Department of Commerce, Weathe1 
D.C., May, 1955. 

40103-2\FSECTION.ll Septembar 29.1992 

sessment Guidance 
Interim Final, 1989, 
Health Evaluation, 

gcal Assessment of 
t, D.C., EPA, Office 

for Data Useability 
of Emergency and 

ide to Management 

, "Risk Assessment 
1, (Part B). Interim 

Uution Monitoring," 

)cky Flats, Jefferson 
1976. 

In of the Rocky Flats 

Flats Plant, Golden, 

loration from Ponds 
3ureaq Wash~ngton, 



EG&G ROCKY FLATS PLANT Manual: 21 100-WP-ou 12.1 
Final RFl/RI Work Plan Section No.: 11.0, Rev. 0 
Operable Unit 12 Page: 

Effective Date: c 
Organization: Remediation Program 

Koffer, James P., 1989: Investigation of the Surface arid Groundwater Flow Mechanics of 
an Evaporation Spray Field at the Rocky Flats Nuclear Weapons Plant, Jefferson County, 
Colorado (Masters Thesis ER3728, Colorado School of Mines). 

LeRoy, LW. and Weimer, RJ., 1971: Geology of the Interstate 70 Road Cut, Jefferson 
County, Colorado, Colorado School of Mines Professional Contribution No. 7. 

Machette, et al, 1976: M.N. Machette, Birkland, G. Marhs,  and MJ. Guccione, "Soil 
Development in Quaternary Deposits in the Golden-Boulder Portion of the Colorado 
Piedmont," Studies in Colorado Field Geology, R.C. Epis and R.J. Weimer, eds., No. 8, 
November 1976. 

Malde, 1955: H.E. Malde, "Surficial Geology of Louisville Quadrangle, Colorado," U.S. 
Geological Survey Bulletin 996-E, pp. 217-259, 1955. 

Marley, 1990 "Cooling Tower Fundamentals", The Marley Cooling Tower Company, Kansas 
City, Missouri, Second Edition. 

Norton, 1984: R.W. Norton, "Radiometric Survey," April 17, 1984. 

Putzier, EA, 1975 Weekly Highlights - Week of 8/30 through 9/05. Reference 1500555 
in Historical Release Report, September 5, 1975. 

Robson, et al, 1981a: S.G. Robson, J.C. Romero, and S. Zawistowski, "Geologic Structure, 
Hydrology, and Water Quality of the Arapahoe Aquifer in the Denver Basin, Colorado," U.S. 
Geological Survey Atlas HA-647, 1981. 

Robson, et al, l981b S.G. Robson, A. Wacinski, S. Zawistowski, and J.C. Romero, "Geologic 
Structure, Hydrology, and Water Quality of the Laramie-Fox Hills Aquifer in the Denver 
Basin, Colorado," U.S. Geological Survey Hydrologic Atlas HA-650, 1981. 

Rockwell, 1975: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1974," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-74, 1975. 

Rockwell, 1976 Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1975," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-75, 1976. 

40103-2\FSBCTlON.ll Ssptamber 29. 1992 



EG%G ROCKY FLATS PLANT Manual: 21100-WP-ou12.1 
Final RFI/RI Work Plan 
Operable Unit 12 Page: 

Section No.: 

Effective Date: k(#$ 
Organization: 

e p t e m b e r  29, 1992 &-- 
Remediation Program 

Rockwell, 1977: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1976," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-76, 1977. 

Rockwell, 1978: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1977," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-77, 1978. 

Rockwell, 1979: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1978," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-78, 1979. 

Rockwell, 1980: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1979," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-79, 1980. 

Rockwell, 1981: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1980," Golden, Colorado: Rockwell International, Rocky Hats Plant, Report RFP- 
ENV-80, 1981. 

Rockwell, 1982: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1981," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-81, 1982. 

Rockwell, 1983: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1982," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-82, 1983. 

Rockwell, 1984: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1983," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-83, 1984. 

Rockwell, 1985: Rockwell International, "Annual Environmental Monitoring Report, January- 
December 1984," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report RFP- 
ENV-84, 1985. 

e 40103-2\FSECTION.11 September 29. 1992 



EG&G ROCKY FLATS PLANT Manual: 21100-WP-ou12.1 
Final RFI/RI Work Plan Section No.: 11.0, Rev. 0 
Operable Unit 12 Page: 

Effective Date: 

Rockwell, 1986a: Rockwell International, "Geological and Hydrological Data Summary, U.S. 
Department of Energy, Rocky Flats Plant, Golden, Colorado," Golden, Colorado: Rockwell 
International, 58 pp., July 21, 1986. 

Rockwell, 1986b: Rockwell International, "Annual Environmental Monitoring Report, 
January-December 1985," Golden, Colorado: Rockwell International, Rocky Flats Plant, 
Report RFP-ENV-85, 1986. 

Rockwell, 1 9 8 6 ~  Rockwell International, "Draft Work Plan, Geological and Hydrological 
Site Characterization, U.S. Department of Energy, Rocky Flats Plant, Golden, Colorado," 
Golden, Colorado: Rockwell International, Rocky Flats Plant, 1986. 

Rockwell, l986d: Rockwell International, "Draft Project Operations Plan, Geological and 
Hydrological Site Characterization, U.S. Department of Energy, Rocky Flats Plant, Golden, 
Colorado," Golden, Colorado: Rockwell International, Rocky Flats Plant, 1986. 

Rockwell, 1986e: Rockwell International, "Resource Conservation and Recovery Act Part 
B - Post-Closure Care Pennit Application for U.S. Department of Energy, Rocky Flats Plant, 
Hazardous and Radioactive Mixed Wastes," U.S. Department of Energy, unnumbered report, 
1986. 

* 
Rockwell, 1987: Rockwell International, "Resource Conservation and Recovery Act Part B - 
Operating Permit Application for U.S. Department of Energy, Rocky Flats Plant, Hazardous 
and Radioactive Mixed Wastes, Revision 1," U.S. Department of Energy, unnumbered report, 
1987. 

Rockwell, 1988: Rockwell International, "Closure Plan, Solar Evaporation Ponds," U.S. 
Department of Energy, Rocky Flats Plant, Golden, Colorado: Rockwell International, 
October 5, 1988. 

Scott, 1960: G.R. Scott, "Quaternary Sequence East of the Front Range Near Denver, 
Colorado," in Guide to Geoloq of Colorado, RJ. Weimer and J.D. Ham, eds., Geological 
Society of America, Rocky Mountain Association of Geologists, Colorado Scientific Society, 
pp. 206-221, 1960. 

Scott, 1963: G.R. Scott, "Quaternary Geology and Geomorphic History of the Kassler 
Quadrangle, Colorado," U.S. Geological Survey Professional Paper 421-4 1963. 

40103-2\FSBCTION.l1 September 29. 1992 



EG&G ROCKY FLATS PLANT Manual: 
Final RFI/RI Work Plan Section No.: 11.0, Rev. 0 
Operable Unit 12 Page: a r p !  z 9Of9 

Organization: Remediation Program 
Effective Date: k!bi c 

Scott, 1970: G.R. Scott, "Quaternary Faulting and Potential Earthquakes in East-Central 
Colorado," U.S. Geological Survey Professional Paper 700-C, pp. C1 l-Cl8, 1970. 

Scott, 1972: G.R. Scott, "Geologic Map of the Morrison Quadrangle, Jefferson County, 
Colorado," U.S. Geological Survey Miscellaneous Geologic Inventory Map 1-7904, 1972. 

Scott, 1975: G.R. Scott, "Cenozoic Surfaces and Deposits in the Southern Rocky Mountains" 
in l r n  Cenozoic Hi h rnR M n i , B.F. Curtis, ed., Geological Society 
of America Memoir 144, pp. 227-248, 1975. 

Soil Conservation Service, 1980 U.S. Department of Agriculture, "Soil Survey of Golden 
Area, Colorado," National Cooperative Soil Survey. 

Spencer, 1961: F.D. Spencer, "Bedrock Geology of the Louisville Quadrangle, Colorado," 
U.S. Geological Survey Geologic Quadrangle Map GQ-151, 1961. 

Tracer, 1986 Tracer Research Inc., "Shallow Soil Gas Investigation of the Rocky Flats Plant, 
Golden, Colorado," 1986. 

Van Horn, 1972: R. Van Horn, "Surficial and Bedrock Geologic Map of the Golden 
Quadrangle, Jefferson County, Colorado," U.S. Geologic Survey Miscellaneous Geological 
Field Inventory Map 1-781-A, 1972. 

Van Horn, 1976 R. Van Horn, "Geology of the Golden Quadrangle, Colorado," U.S. 
Geological Survey Professional Paper 872, 116 pp., 1976. 

W-W Services, 1976 A fisheries inventory, W-W Services Limnological & Potamological 
Studies, Denver, Colorado, July. 

Weimer, 1973: RJ. Weimer, "A Guide to Uppermost Cretaceous Stratigraphy, Central Front 
Range, Colorado Deltaic Sedimentation, Growth Faulting and Early Laramide Crustal 
Movement," in The Mountain Geolokt, Rocky Mountain Association of Geologists, V.I.D., 
pp. 53-97, 1973. 

Wood, 1973: W.W. Wood, "A Technique Using Porous Cups for Water Sampling at any 
Depth in the Unsaturated Zone," in Water Resources Research, Volume 9, No. 2, pp 486-488. 

40103-2\FSECT10N.ll September 29. 1992 



z 
0 
F 
a 

n 
U 
0 
[r 

I- rr n 

v) 
c3 
Z 

J 
3 

zi 
m 
- 

c w 
W 
LL 

0 1 
8 
N 

--- 

I c 
0 



z 
0 
ir -z 2 
BC 

E- 
5= w 

. 
e 



a 

T 
0 
0 
0 
r-. - 

0 
0 
U-J 
Cf > 

a 
7 



fi 
X 
w 

1. 1 I 13381s HlQ 

a I I 1 

+i 

r 
I I + 

--+- 

I 

I 
I 
! 

1 
/ 

( 
\ 

r 

i 
I 
I 

:;i 





4 
3 





>- 
0 

W 0 



I 

0 
t- 



ti 
w (L 

L .... . . .  

i 
. . . .  . . . .  . , . .  
. . . .  . . . .  . . . .  

a 

3 



c 



c 

c 
W 
w 



w 

x 
x I 

W 
3 
I 
w > 
4 
0 
0 
0 
3: 
Z 
0 
I- 
I- 
O 
0 









c 
‘I 

D- 

c 

0 
I- 

I- 
tn 
w 
3 

Ilz: 
W 

w 
v) 

P 

4 z  x u  
ntn 





e 







ca 
a 

e 



t- w 
W 
re 

0 1 0 !!2 

> 
clz 
4: 
P 
Z 
3 
0 

(\I 

m 
c 

+ 
\ + 

@\, 

i 
+ \  

I 

I -J 

I 

\ 

1'9 + 
- w8 A e  (33x33~3 9 lNltld N33H3 'ON NOISlh3tl 3MO'QZZ-L03\'iOlOt 3RVN 3113 I I HW3 A8 NMVtla 



-J 
-J 
w 
3 

! 

4 

_. . ... ~ .- . . .! 

3 ! .  

j j  

i i  
: t  

I 
! 

1 ,  i 
.I..:.. ': 

. .$., . . . 
I .  

I- 
W w 
1L 

0 

0 1 c u) 

i 

. .. 
.. L 

-. 

i 

I 



1 
. .. . I  I 

I I  I 
I I 

. I  

( j  

I '  
I 

I .  

r' 

.I 
+ I  

i 
! 



Z 
0 
I- 

I 
n 
0 I c2 

/ n 

,/ 
i 
I 

/ 



I 
t- 
CK 
0 
z 

1 3 A 3 1  V 3 S  ,Ntl3W 3A08V 1 3 3 j  NI NOl lVA313 

I- 
v, 
W 
3 4  

13A31 V I S  NVIYY 3AO8V 1333 NI NOl lVA313 

L 

W z 

in * 
u 

e 
4 

F 
z 
n 
w 
2 
w 
w 
0: 
0 
v, 

I 
b- e 
W 
0 
-I 
U 
8- 

P 

I- 
W 

C 
W 

2 2 

I 
/ I 

I I 1 I I 
0 
(D 
Q) 
In 

0 
a0 
Q, 
In 

0 0 
FI 0 

0 
u) 

8 
CD 

3 0 

0 co (0 



13A31 V3S NQ3W 3 A B W  1333 NI NOI IVA313 

I- 
v, 
W 
3 

I 

I- 
/ 

I I I I 1 
3 
8 
(D 

0 
N ea 
(B 

0 

lt3 
s 

13A31 V I S  NV3YV 3A08V 1333 NI NOl lVA313 

d 
-I e 
tn 
I- 
a 

c 
0 

2 
0 u 
Y u 
8 

W 
m 
W 
I- 
< 
X 
8 
0: 
P 
8. 
Q 

2 

Pi 

s 

0 
w 
A 

I 
c 
Q 
w 
Q 

a 
E 
I- 

9 
t 
rr) 

c3 
I- 



t- 
w 
w 
k 

P 

1 -  



. .. i 

. .  . . .  

\ 

K 
a 
0 c 

CI 
U 
0 
L I  
111 
r. 

4z- 

I I 

i 
/ 

i 

! 

I... 



I 

I 

, I  

I 

t 8- 
w 
w 
L 

0 1( Y 0 

z 
0 
i= 

v! 
a 

..... .. L. . . .  . : ... - .... "1 I .................... I 
'I"? 

i 

I 
11 
i 

i 

i 
!J 

$- 
--I 

i i 

'i I 

! '  
r L' 

...... 1 

. . . . .  

, I  

i i  
\ 



k 

LL 
8 

0 

0 

_ _ _  ._ .- -. . -+ 
! I  

. .  ~. . ... 
.... 

. 

$ r 

odv Q' 
. c- - _. . .'\ 

- \  

I ............ 
, ' I  , 

., /-:- 

+ ' .  

..--- -.7. , 

I 
............ 
r. .. 

..- 
I ,  

1 

! 

\ 
\ 

\ 

3 
c 
C 
C - 
> 

. . -.--- 

' I  I 

I 

', 

I I ! 

I 
- -. , :  _-_. .- 

1 ......... -- .. ___ ..... __ ..... 

I // I/ :, ......... ' I  I 

..., 
i ;  
I *  

.............. 11 1.. 
\ HI W 

'. 

'. 

c.! 
c3 C-l  . .  '. ', . '., .L * I  

I .  , .  

'I; 
r. X 4-24 ? -  



t- 
w w 
LL 

8 
P) 

0 
5 

0 

0 
5 

,.i , z 
0 - 
I- 
d 

,,; ........... . . .  . ............. -. . \ .  
. I  

., .. 
; i 

, I  . . .  
// 

- '  . 
. .  . . . . . .  

. ' {  

L 

. . . . . . . . . .  , . .  
. . .  . _  

. . . . . . .  - .  -, 

.~ . .  

......... .. . . . .  
. I  

. , 

r +k .- . , 
' I {  _ ,  . ,. 

., . .._ , I 

I ,  

< .  ....... 
. .  

'. , : I  

. .  . . . .  :r: 
. .  
_._ 

I -  

;r I ;;.. 
....... .,. . 

I *  ! i:, 
f Y, 

:, i ' ,  

..... . I  

. .  

I c 

. . ' ,  ' 
_ .  . ., ...... 

. .  

. .  

I ! 

. -  

._. - 
- .  . 

_I 

1 ,  
, , .  
. !  

. .  . .  - . .  

... 

. I  

: !  
. I  

. _  
, -. 

~- 
. . . . .  

. . . . . . . .  ._ 
. .  
, i !  

. . . .  

- . .  - .  - 
I 

. . . . . . .  i j  
I I  
! I  * 
! I ,. 

... . .  . .  i t  

I 
I 

j 

0, .-, 
a -  
ln , Q, 

I 

__.' . 
. .- c 

0 'ON NOiSlh3tl 3MO'ffEZ-lOj\€OLOt 3#VN 3113 1 ;bzfi./L/ 04 3 VVr  A8 NAtV8Q A8 03AOtlddV A9 U W 3 3 H C  



v) 
K 
0 
I- 
W 
0 
W 
U 

n 

W 

3 
v) 
0 
x 
W 

a 

n 

I- 
a 

v) z 
a 
I- 

B 
a 

> 
[r: 

=r 
a 
E n 

I- 
z 
W 
U 

3 
0 

a 

2 
-I 

I- z 
W 
k 
0 a 

9 

-I a 
s1 
a 

'L! 
0 
I- 

I 

cn 
W 
0 
(1: 
3 
0 
v) 

L 
U 
I 
E a 

, t A 

I I 
# 

v) 
I 

Z 
U 
I 
0 
W 
I 

CL! 

A I 
I 

-J 
W 
c3 
0 
z 
L 

W 
I- 
v) 
- 

I I I 

I 

I 

I 





-.- 
t- 
W 
w 
L L  

0 IT 
ld 0 

k- 
z 
W 
I 
W > 
a 
a 

w 
t- 
W 
w 
0 
Z 
0 
0 

.’- 
i. .I <-\I 

..J -I- . -  

I 

f 
I ‘0 @ 

7- 

I 
I 
I 

\ 
I 

a, 
1 
!= 
r m 

a, 
a, - 

a, > I!$ .- 
U 

Y 

1c- 

0 
hl 

v) 
v) 

v- 

I 

N 
0 
hl 

v) 
v) 

v- 

I 
+Z-= I- 



z 
0 
6 
c j  
0 

J 
w > 
a 

'.\ \ 

I'i I 



c 
W 
W 
LL 

0 

n N ~ 

L 

0 
t -1 

W > 
Q 
IL 
0 
IL 
0 

0 < 

=' 
If) 
m 4 

Z 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 ,  

ILL 

14r 

l z  
!Z I 

/E 
g 
E 
G 
I I -  

P 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 

W 
3 
.Z 
W > 
d 
-I 
d 
t- 
Z 

cl 
Z 
3 
0 
[L: 
c3 
w 

>- 
E 
Q 
D 
Z 
3 
0 

N 

3 

m 

.- 

I I '  
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
t 
I .  
I 
I 

v 

! 



n z 
W 
(3 u 
.I 

W 

In 

0 

CT 
0 

Z 
0 
I 
E 
w 
t 
4 

k 

z 
t 

3 
w 
V 
6 
LL z 
3 
in 

VI vl v, ul N 
n n n cl I 
z z Z z u 
0 0 0 0 
Q a R R Q 

6 
a m m U Q 

0 ? t- 
0 0 0 
I- I- t- 

2- 

-I 
J 
a 
m 
- 

Q 
LL. 

v! 
3 


